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You can be sure that the job of building the giant tower shown above would 
be given only to a manufacturer of proven ability. This 142-foot deisobutanizer 
tower for the oil industry is indeed a testimonial to the skill, experience and 


facilities of Combustion Engineering — Superheater, Inc. 


But this tower is exceptional in size only. For Combustion has been doing 
this class of work for many years and has actually produced thousands o 
pressure vessels and fabricated products not only for refineries but for the 


process industries generally. 





You would expect this, for the building of pressure vessels requires manu: 
facturing facilities identical to those required for boiler manufacture. As one 
of the world’s largest boiler manufacturers, Combustion Engineering — Super 
heater, Inc. naturally is well equipped to build virtually all kinds of pressure 


vessels and fabricated products—particularly those of the larger and more 





—_ 
complex types. GER: 
Completely welded nozzle section Combustion’s years of experience in this highly specialized field is available B 
Ee Se ea to you. May we have the opportunity to quote on your next requirements’ 
COMBUSTION ENGINEERING= 
SUPERHEATER, INC. 
A Merger of Combustion Engineering Company, Inc. and The Superheater Company 
200 Madison Avenue e New York 16, N. Y. 
— 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT; ALSO PRESSURE AND VACUUM VESSELS 
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COPES 


BALANCED 


Wherever you use float valves, avoid losing any 
of your operating force in the stuffing box. Insist 
on low and constant valve stem friction. 

Make sure of instant, accurate response to your 
actuating force—no matter what your flows and 
pressures—by demanding close control of the un- 
balanced forces found in every valve. 

Provide for minimum pressure losses at high 
flows by requiring your valve ports to be accurately 
designed for the conditions you specify. 

In other words—insist on COPES Balanced 
Valves. They offer all these important advantages 
—plus long service life with minimum mainte- 
nance. Write in detail about your needs. 





VALVES 


With the COPES Type BI Valve, rotating stem means low 
stuffing box friction. Accurate balance assures quick and 
accurate response. Exact capacity you need is provided 





Float-operated COPES Type BI Valve Flow of blow-down water from a flash Water level in a deaerating heater is 
controls flow of condensate from flash tank is controlled by this float-operated controlled by this float-operated COPES 
tank to storage tank. COPES Valve. Balanced Valve. 


996 GROVE DRIVE, ERIE, PA. 





Bulletin 443-B gives condensed data on all major 
COPES products. Write for a copy—your letter- 
head, please. Keep it for reference. 









Boiler Feed Water Control .. . Excess or 
Constant Pressure Control, Steam or Water 
... Liquid Level Control... Balanced Valves 
. » » Desuperheaters . . . Boiler Steam Tem- 
perature Control... Hi-Low Water Alarms. 
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Oil Reserve Predictions 


Speakers at the recent United Nations Conference 
on “Conservation and Utilization of Resources”’ differed 
widely as to oil reserves. The figure of seventy billion 
barrels of known reserves, estimated to last some twenty 
years, was not seriously challenged; but it was the world’s 
probable undiscovered oil deposits that came in for much 
discussion, involving various predictions. 

rhe assertion was made that a major portion of the 
undiscovered reserves lies under water on the ‘“‘conti- 
nental shelves,’ as has been indicated by drillings off 
the coasts of California, Texas and Louisiana and that 
similar conditions likely prevail in the Eastern Hemi 
sphere. This, of course, would make accurate estimates 
difficult. 

Looking back over the years, it will be recalled that 


pe | 





to avoid expensive supporting steelwork; architectural 
features have in many cases been simplified without 
sacrificing appearance; and the unit arrangement of a 
single boiler per turbine has gained wide acceptance. 
This last-mentioned item, made possible by high equip- 
ment availability, not only reduces the boiler cost per 
unit of capacity, but also simplifies the piping and 
controls and reduces the number of valves. 

Thus, the net result has been only a moderate increase 
in investment and improved operating economy, which 
combined with effective load building has enabled the 
private electric utilities to keep rates low in the face of 
ever-mounting costs and higher taxes. 





Sirota aT ttre 


estimates of reserves have been revised upward period- 
ically as new fields were discovered and drilling tech 
nique advanced, with the result that, despite some dire 
predictions, supply has thus far kept pace with ever 


Passamaquoddy Talk Revived 


Recent politically inspired proposals to resume active 
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increasing demand. That this has been so in the past 
must not detract from the more recent attention being 


given to synthetic oil production. This must go for 


ward as security measure and a future economic 
factor 

. 
Station Costs 


When one considers what the last decade has wrought 
in the cost of housing and many other construction 
lines, involving a steep rise in wage levels and material 
costs, it is gratifying to note that the unit costs of some 
of our post-war power stations have, by comparison, 
advanced only moderately. Credit for keeping the 
overall costs within bounds is due to the engineering 
skill that has gone into the design of these plants. 

To combat ever-rising fuel prices and labor costs it 
has been necessary to incorporate many refinements in 
power plant design. These have obviously added to the 
initial investment. They include such items as higher 
steam conditions, extension of the regenerative cycle to 
more stages of feedwater heating, wider application of 
reheat, more elaborate controls and other labor-saving 
equipment. 

It has been possible, however, to offset these added 
costs to a considerable degree by adopting certain 
features in building design and equipment layout. To 
mention a few, there has been widespread employment 
of the semi-outdoor type of plant in the post-war period; 
building volumes per unit of capacity have been kept 
reasonably low; stacks have been placed at ground level 
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work on the Passamaquoddy tidal power project in 
Maine have incorporated the contention that high cost 
of power has been a controlling factor in the movement 
of industry from New England to other areas, notably 
the South. The basis for this argument is not clear in 
the light of a recent impartial study for the New Eng- 
land Council which found the average cost of power for 
all New England industries to be 1.67 per cent of the 
selling price of the manufactured product at the plant. 

The familiar slogan of public power enthusiasts that 
water power is necessarily cheap power seems plausible 
to the uninformed who are accustomed to lose sight of 
the investment factor. In the case of Passamaquoddy 
this is likely to be exceptionally high, compared with the 
firm power available, and the only way that it could 
result in cheap power to the user would be to saddle the 
general public with the initial costs. 

The Passamaquoddy tidal project is not new. The 
idea was peddled about for years and preliminary studies 
failed to show economic justification for its development. 
Had it possessed merit, private capital would undoubt- 
edly have become interested. It was again brought to 
the front in the early days of the New Deal which com- 
mitted the government to an expenditure of many mil- 
lions of dollars for preliminary work and a housing com 
munity, only to abandon it later when Congress found 
that the cost could not be justified. With this back- 
ground it may seem surprising that the proposal should 
again be revived. 

It would appear that labor, more than power cost, 
may have been the most important factor in removal of 
industries from New England, but politicians are seldom 
guided by facts or logic. 
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Feedwater Heating 
in High-Pressure 


Power Plant Design 


Following a discussion of the various 
factors, both economic and operating, that 
have bearing on the selection of feedwater 
heating, typical arrangements of the re- 
generative and reheating cycles are ana- 
lyzed and evaluated. The method out- 
lined is intended as a guide in determining 
the warranted expenditure. 


N the early stages of a steam plant design, the analysis 
of the plant cycle should economically coordinate de- 
sign features of both the boiler and the turbine. 

The optimum feedwater temperature'” calculated for 
turbine performance alone is higher than calculations 
where the boiler and turbine are both considered. This 
optimum temperature depends more upon the mean 
temperature differences that exist at the superheater and 
air heater surfaces than upon pressure. When high feed- 
water temperature reduces these mean temperature dif- 
ferences below economical limits, the superheater and air 
heater areas become excessive. 

There is a similar consideration in fixing the pressure at 
the reheating point in the turbine. Consideration must 
be given to the effect of lowering pressure on piping and 
superheater design. Usually consideration of both boiler 
and turbine will fix the reheating pressure at a higher 
value than the most desirable pressure when considering 
the turbine alone.* 

Optimum feedwater temperature and reheating pres- 
sure are both problems in the design of the regenerative 
plant cycle. The discussion which follows is not con- 
clusive but attempts to establish the value of several 
choices in the design of a closed feedwater heating system. 
Some 30 variations of regenerative and resuperheating 
cycles were analyzed at pressures ranging from 1250 to 
1450 psig and with feedwater temperatures varying from 
420 to 520 F. For reasons of economy in boiler design, 
it is difficult to justify feedwater temperatures of 500 F; 
hence this discussion is limited to a maximum tempera- 
ture of 480 F. 


Prevention of Oxygen Contamination 


The closed cycle of feedwater heating with a large hot- 
well storage has proved successful where precautions are 


1“The Steam Turbine Regenerative Cycle—An Analytical Approach,’’ by 
J. Kenneth Salisbury, Trans. A.S.M.E., June 1941. 


2“‘Power Plant Cycle Evaluation,’’ by J. K. Salisbury, Trans. A.S.M.E., 
July 1949. 


3 ‘Developments in Resuperheating in Steam Power Plants,’’ by E. E. Harris 
and A. O. White, Trans. A.S.M.E., August 1949. 
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By I. G. McCHESNEY, Ass't. Supt. 
Rochester Gas & Electric Corp. 


taken to deaerate condensate makeup and prevent re- 
entrainment of oxygen at the suction of the condensate 
pump. Deaeration of makeup condensate is accom- 
plished by spraying it against target plates in the con- 
denser or by allowing it to flow out in a thin sheet over 
the top of a tube bank and deaerate as it cascades through 
the tubes. The greatest hazard in the condensate pump 
suction line is at the valve. This can be protected by 
using a water-sealed gland. 

Dry vacuum pumps eliminate troublesome sources of 
oxygen and gas entrainment. This type of pump tends 
to reduce the amount of plant makeup and limit the 
wasteful use of steam. Leakage of air into the condenser 
can be reduced to a low value by careful attention to 
valve packing, especially on vent and drain lines where a 
number of small valves are used. These small valves 
should be well made with closely fitting glands. A re- 
silient packing impregnated with a suitable sealing com- 
pound can be used on valves operating at low pressure. 

Evaporator drains that are not contaminated with oxy- 
gen can be pumped to the suction of the boiler feed pump. 
Other contaminated drains can be cascaded to spray 
headers in the condenser. 


Miscellaneous Sources of Feedwater Heating 


When the unit is operating at maximum output there 
is recoverable heat from mechanical and electrical losses 
of the turbine and generator along with condensate pump 
work that will raise condensate temperature 10 to 12 deg 
F above the vapor temperature in the condenser. In 
addition there is usually 2 to 3 deg of temperature gained 
by partial recovery of impact head in the condenser hot- 
well. All these recoveries are beneficial during periods 
when cold circulating water is available. However, dur- 
ing the period when the circulating water is warm it may 
be necessary to use a cooler in the condensate pump dis- 
charge to provide adequate generator cooling. In addi- 
tion, it may be necessary to operate at higher hydrogel 
pressure. 


Extraction Heating 


The number and arrangement of extraction heaters 
depends to a large extent on coal price and other con- 
siderations that pertain to the particular plant under 
consideration. In fixing the number of heaters, each 
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additional heater should increase plant efficiency by an 
amount that will cover the installed cost of the heater 
with some additional savings for contingent and in- 
tangible items of cost. The grouping of heaters for by- 
passed operation, cascading and location of drain pumps 
is largely a matter of choice guided by operating con- 
siderations and fuel savings. 


Terminal Differences 
Terminal differences of the drains above the tempera- 


ture of feedwater entering the heater are reduced by the 
use of drain coolers. The size of drain coolers is de- 
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valves located close to the following heater and discharg- 
ing against easily replaceable target plates are advanta- 
geous. 

Terminal differences between the feedwater leaving the 
heater and the saturated vapor temperature of the heat- 
ing steam are largely determined by good heater design. 
These terminal differences usually range from 4 to 6 deg 
F. In the final heater it is important that this terminal 
difference be reduced to a small amount. It is usually 
practical to install a desuperheating section in this heater 
and maintain a negative terminal difference, that is, a 
final temperature of feedwater several degrees above the 
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Fig. 1—Resuperheating plant cycle with feedwater heating 
to 447 F in six stages 


pendent on the quantity cascading and the terminal dif- 
ference desired. Where all drains cascade to the con- 
denser the final drain cooler should have a small terminal 
difference. This usually requires an external drain 
cooler because of its large size. 

Where drains are pumped forward at one or more 
points in the heating cycle, the amount cascading to the 
condenser is considerably reduced and internal drain 
coolers can often be used in all heaters. Relatively low 
terminal differences not only improve efficiency but de- 
Crease heater and piping maintenance caused by im- 
pingement of flashing condensate. In any case, drainer 


COMBUSTIO N—September 1949 


saturated vapor temperature of the heating steam. 
Usually such a heater is divided into a desuperheating 
and a saturated section with the steam still slightly super- 
heated as it passes from the desuperheating to the satu- 
rated section. The feedwater usually has about a 3-to 
t-deg approach to saturated vapor temperature as it 
passes into the desuperheating section. In one recent 
design there is no definite separation between the de- 
superheating and saturated areas with the saturation 
condition shifting with load in the desuperheating area of 
the heater. This design will permit a slightly greater 
negative terminal difference. 
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Six heaters were used in the analysis of desuperheating 
cycles with the following terminal differences shown: 


Terminal Differences 
Heater* Drains to Feedwater to 
No. Feedwater, Deg Saturated Vapor, Deg 
1 10 4.5 
2 10 4.5 
3 4.5 
4 10 4.5 
5 10 4.5 
6 10 0 to —10 


* Heaters are numbered from lowest to highest pressure. 


+ Drains from the third heater are pumped to the suction of the boiler feed 
pump and no drain cooler is required. 


Feedwater Heating Limited by Reheating Pressure 


A cycle in which the maximum feedwater temperature 
is determined by the reheating pressure is shown in Fig. 1. 
The various bleed pressures are determined by trial. 
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heater is illustrated by an analysis of the reheating plant 
cycles shown in Table 1. Cases I, II and III were cal- 
culated for the terminal difference O, — 5 and —10 deg, 
respectively. Case III was computed for the cycle 
which is shown in Fig. 1. Cases I and III were computed 
for an identical cycle except for the variation in terminal 
difference in the high-pressure heater. While there is an 
increase in final feedwater temperature of only 10 deg 
between Case I and Case III, the improvement in plant 
economy is 30 Btu per kwhr. The heater area increased 
from 3270 sq ft for Case I to 4000 sq ft for Case III. A 
heater for the latter is expected to cost about $27,000, 
which is $5000 more than that for Case I. There are no 
other essential changes in piping and this difference in 
cost is approximately equal to the difference in plant in- 
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Fig. 2—Resuperheating plant cycle with feedwater heating 
to 480 F in six stages 


Generally for maximum economy bleed heating should be 
equally distributed between the heaters. One exception 
to this principle occurs when the high-pressure heater is 
at the reheating pressure. In this case a relatively large 
amount of bleed steam is withdrawn. This tends to 
lower the reheating pressure and increase the possible 
heat absorption in the desuperheating section of the 
heater. Both effects improve efficiency. 

Improvement in plant economy effected by the in- 
stallation of desuperheating area in the high pressure 


36 


vestment for the two installations. Savings for the de- 
superheating design are sufficient to make the added in- 
vestment attractive. 

Two identical plant cycles are compared in Cases IV 
and V; that is, cycles having identical steam and ex- 
haust conditions, flow diagrams, and terminal differences. 
A 30-deg change in final feedwater temperature shows 4 
60 Btu reduction in net plant heat rate. Thus, the value 
of savings due to the increase in feedwater temperature 
alone can be evaluated on the basis of 2 Btu decrease it 
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net plant heat rate for each degree merease in final feed- 
water temperature. 


Bleed Heating Above the Reheating Pressure 


When final feedwater temperature is limited by steam 
bled from the reheating point, this point is usually too 
high for best turbine economy and too low for optimum 
feedwater temperature. There is an advantage to be 
gained by installing a heater above the reheating point 
and reducing the reheating pressure. Fig. 2 shows 
such a cyele and a further summary of conditions for the 


Table I - Porfornanoce of Rehoating Plant Cycles 





Throttle and Exhaust Conditions: 





1465 psia - 1000°p - 1000°F Rit - 1.0 “ig Abs. Back Pressure 
6 Heator Stages 








Roheat Total Final Terminal Net Plant 

Steam Pressure Steam Feodwator Difference Hoat 

Case Plow Peia _Bled Tomp. Final Heater Rate 
I 430,000 398 123,650 439° 0° 9652 
II 430,000 395 125,050 443° = @ 9642 
III 430,000 393 126,650 447° -10° 9622 
IV 430,000 300 127,130 450° 0° 9687 
Vv 430,000 300 137,650 480° -10° 9097 


cycle is shown in Table 1, Case V. Several similar cycles 
were analyzed with a constant feedwater temperature 
of 480 F, the only difference being a change in the re- 
heating pressure. The results of this study indicate that 
the net plant heat rate decreases 10 Btu per kwhr for each 
50 psi reduction in reheating pressure from 400 psia to 
250 psia and plant savings can be evaluated accordingly. 


Evaluation of Improvement in Plant Heat Rate 


Any attempt to estimate the value of savings requires 
a long-term analysis of the probable use of the unit. For 
the foregoing studies, the value of savings was estimated 
by determining the use of various installations over a 
twenty-year period. An average yearly load growth of 
6'/. per cent was assumed, adding units of capacity as 
required in increments equal to approximately 30 per 
cent of peak load. Load duration curves at constant 


unit (10)° % Load 
Noe KWH Pactor 











80 3 7,753 63 


2 17,687 63 
60 


l 4,804 55 


mm LoaD 
& 


0 20 40 60 80 100 120 “140 
THOUSANDS OF HOURS 


Fig. 3—Twenty-year load-duration curves 
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load factor were analyzed throughout the period to de- 
termine the annual kilowatt-hour generation on various 
installations. The total kilowatt-hours generated for 
Units 1, 2 and 3 over the entire period are plotted in Fig. 
3. Units 2 and 3 are reheat designs with a maximum 
capability of 70,000 kw. Over the twenty-year period 
both these turbine-generators are expected to have a load 
factor of 63 per cent. 

From this study it is possible to determine the capital- 
ized value of one Btu per kwhr reduction in net plant heat 
rate. Table 2 shows the procedure for making this de- 
termination. It is based on a unit capability of 70,000 
kw with coal at $8.35 per ton in the bunker and having a 


Table II 
Capitalizod Value of me Dtu per MH 
Reduction in Net Plant Heat Rate 





Unit Cupability = 70,000 Ww 
Heating Value of Coal = 15,200 Btu/lb “as fired" 
Coal Cost = $8.35 per ton in the Bunker 


(1) (2) (3) (4) (5) ($) (7) 
Annual Annual Interest Interest 
Annual Millions Tons for Savings for Acocretions Acoretions 
Year Loud Factor KM ___ One Btu/ Eli One Btu/ERH Factor (5}4) at 54K 








’ 

1956 7502 461 17.46 145,81 1.7656 257.44 
1957 75.2 461 17.46 145.81 1.6214 236.42 
1968 75.2 461 17.46 145.81 1.4848 216.50 
1969 75.0 460 17,42 145,49 1.5552 197.17 
1960 75.0 460 17,42 145,49 1.2324 179.30 
1961 75.0 460 17,42 145.49 1.1160 162.37 
1962 75.0 460 17,42 145.49 1.0067 146,52 
1965 76,0 460 17,42 145.49 0.9012 131.12 
1964 68.8 422 15.98 135.47 0.8020 107,04 
1965 73.4 450 17,0 142.33 0.708) 100,78 
1966 73.7 452 17.12 142,96 0.6190 88.49 
1967 65.1 338 12,80 106,91 0.5346 67.15 
1968 63.3 588 14,70 122.72 0.4546 55.79 
1969 43.7 268 10,15 84,77 0.3788 32.11 
1970 65.8 342 12.956 108.17 00,5069 33.20 
1971 59.5 365 13.83 115.45 0.2388 27.57 
1972 37.8 232 8.78 73.38 0.1742 12.78 
1973 44.2 271 10,27 65.71 0.1130 9.69 
1974 38.8 238 9,02 75,28 0.0650 4.14 
1976 58.8 238 9.02 75.28 ie) QO 

Totals 7,687 2,451.31 2,066.38 

Total of Savings and Interest Accretions $4,486.69 


Annual Tons for Qne Btu per DTH | ii an Your fia e has 
Reduction in Net Plant Heat Rate ® Kes <6, e 


Twenty Year Annuity = $4,486.69 (0.0286) = $128,352 





Pixed Charges: Interest - 5% 
Depreciation - & 

Taxes and Insurance « % 

Total 13am 


Capitalized Value of One Btu/DVA 


128,32 
Reduction in Net Plant Heat Rate “Sige «(996052 


heating value of 13,200 Btu per Ib, “‘as fired.’’ In the 
table the annual load factor is shown in Column 2. This 
load factor decreases as additional units of capacity are 
added to the system, starting with a 75 per cent load 
factor in 1956 and ending the twenty-year period with a 
load factor of 39 per cent. The expected annual genera- 
tion is shown in Column 3 with a total generation for the 
period of 7687 million kilowatt-hours. 

The annual tons of coal consumed per Btu of heat rate 
is shown in Column 4 and the annual coal savings for one 
Btu per kwhr in Column 5. With interest at 5/2 per 
cent, the interest accretions for each year are shown in 
Column 7, corresponding to the factors given in Column 
6. Interest accretions represent the total interest earned 
on the net annual fuel savings for the remainder of the 
twenty-year period. The total annual savings and in- 
terest accretions are equal to the sum of Columns 5 and 7, 
or $4486. The formula for determining annual tons 
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for one Btu per kwhr reduction in net plant heat rate 
is equal to the kilowatt-hours per year divided by the 
heating value of fuel, and by 2000. The twenty-year 
annuity is determined by multiplying the total savings 
and interest accretions by the twenty-year annuity factor 
0.0286 and is equal to $128.32. The fixed charges in- 
clude an interest charge of 5'/2 per cent, a depreciation 
charge of 5 per cent with taxes and insurance of 3 per 


Table III 
Capitalized Value cf Various Changes in Design 
Rest.lting in a. Improvenent in Net Plant Heat Rate 





—o . ° 
70,000 Kw Capability - 1465 Pete - 1000 P - 1000°F R to 1.0 "Hg Abo. Press, 


Effect on Net 
Plant Heat Rate Capitalized 





Condition In Btu Por BiH Value: 

aA. “)increasing high pressure bleed eat 

the reheet point from 32,000 to 56,000 

lbs. per hr. by lowering the following 

stazse fron the 10th to the 13th 40 $38,000 
B. Incroasine fron five to six bleed 

heaters 27 $25,650 
C. Maximwa vse of desuporheating 

surfuce in high pressure heaters 30 $28,500 
D. (2 Increasing final feedwater 

temperature from 450° to 480°F 60 $57,050 
E. Redi.ction of the reheating pressure 

from 400 to 300 psia 20 $19,000 
F. Reduction of reheating pressure from 

400 to 200 psia 40 $38,000 
G. Improvement in Sfean Condi tions froma 

1465 pela - 1000 F - 1000'F to 

1465 psiu - 1050°F - 1000°F 75 $71, 250 


(1) conas tions A, B, and C acply to a plant cyole sinilar to that 
shown in Fig. l. 


(2 conditions D, E, P, and G apply to a plant cycle einilar to that 
shown in Pig. 2. 


cent, or a total of 13'/. per cent. The value of one Btu 
per kwhr reduction in net plant heat rate is then equal to 
the twenty-year annuity divided by the fixed charges, or 
$128.32 divided by 13'/2 per cent or $950. 

There is some question about the items that are charge- 
able to fixed capital required for power plant extensions. 
If these fixed charges were limited to depreciation, 
property taxes, interest on net debt, preferred stock divi- 
dends, normal earned surplus and insurance, the total 
fixed charges would be 11 per cent instead of 13'/2 per 
cent and the capitalized value of one Btu per kwhr reduc- 
tion in net plant heat rate would increase to $1105. 
However, if we use 13'/2 per cent fixed charges, the savings 
for the various design alterations can be evaluated as 
shown in Table 3. 

Condition A shows the value of increasing the high- 
pressure bleed at the reheat point from 32,000 to 56,000 
Ib per hr by lowering the following bleed point from the 
10th to the 13th stage. This calculation applies to the 
cycle shown in Fig. |. The increase in bleed causes a 40 
Btu per kwhr decrease in net plant heat rate and has a 
capitalized value of $38,000. For each flow, desuper- 
heating surface is installed in the high-pressure heater to 
take full advantage of high-pressure bleed. 
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Condition B shows the value of adding a sixth heater to 
be a 27-Btu per kwhr reduction in net plant heat rate, 
and has a capitalized value of $25,650. 

Condition C shows the maximum use of desuperheat- 
ing surface in high-pressure heaters and represents an 
increase in terminal difference from 0 to —10 deg (Table 
1, Case I and Case III). This condition causes a redue- 
tion of 30 Btu in the net plant heat rate and has a capital- 
ized value of $28,500. 

Condition D shows the value of increasing the final 
feedwater temperature from 450 to 480 F and applies to 
cycle shown in Fig. 2. It is a comparison of Cases IV 
and V of Table 1. This increase in feedwater tempera- 
ture is accompanied by a 60-Btu per kwhr decrease in 
the net plant heat rate and has a capitalized value of 
$57,050. 

Condition E shows the value of reducing the reheating 
pressure from 400 to 300 psia. This condition applies to 
the cycle shown in Fig. 2 and causes a reduction of 20 
Btu per kwhr in the net plant heat rate with a capitalized 
value of $19,000. 

Condition F is a similar condition showing a reduction 
in reheating pressure from 400 to 200 psia with a 40 Btu 
per kwhr reduction in net plant heat rate with a capital- 
ized value of $38,000. 

Condition G shows the value of an improvement in 
steam condition from 1465 psia, 1000 F and 1000 F re- 
heat to 1465 psia, 1050 F and 1000 F reheat. For this 
condition there is a reduction of 75 Btu per kwhr in net 
plant heat rate which has a capitalized value amounting 
to $71,250. 

The conditions discussed apply to specific plant cycles. 
In other comparisons, size, plant location, circulating 
water temperature, coal costs and various other items will 
alter the conditions. However, the method given is use- 
ful in determining the amount of money that can be spent 
in improving the plant cycle. The long-term rise in fuel 
and operating costs favors the selection of high efficiency 
equipment. 


Electrical Output Still Increasing 


Despite the mild recession in many lines of industry, 
the production of energy by electric utilities continues 
to show a seasonal rise. Figures released by the Federal 
Power Commission on August 29 showed the July output 
to be the highest on record for that month, namely, 
23,684,340,000 kw-hr. This was 0.3 per cent over June 
and 1.7 per cent over July of last year. Electric produc- 
tion for the twelve months ending July 31, 1949, was 6.0 
per cent higher than that for the corresponding period 
ending July 31, 1948. In fact, it slightly exceeded the 
figure for any previous 12-month period. 

Reports received by the Commission indicated a net 
increase of over 600,000 kw in the installed capacity ol 
electric generating plants supplying utility service during 
the month of July. This brought the total installed 
capacity of such plants up to over 59 million kilowatts. 

On the other hand, there was a decrease of 2.6 per cent 
in electric production among the industrial plants report 
ing to the Commission. Thus the combined utility and 
industrial output of electricity for July was up approx 
mately one per cent over that of 1948. 
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in 
Burning Wet Wood 


_ Recent Developments 








By OTTO DE LORENZI, Dir. of Education, 


Combustion Engineering-Superheater, Inc. 


Use of the two-stage furnace, comprising 
a dutch oven and a secondary combustion 
chamber, has been generally accepted as 
standard for ‘‘hog fuel’’ and other kinds 


of wet wood refuse. Recently, however, 


large-scale experimental installations of 
the single-stage furnace using both under- 
feed and spreader firing have been operated 
successfully. As a result of these develop- 
ments there are now available, for many 
types of installations, simplified combus- 
tion systems having high inherent capac- 
ity, to which automatic controls may be 
easily applied. 


HE continuing high-level costs of standard fuels, 

such as coal, oil and natural gas, have stimulated the 

development of improved burning methods and 
furnace designs for use with many so-called refuse fuels. 
In a large number of different industries the quantity of 
by-product fuels available are sufficient to furnish part 
or all of the steam needed for process work and power 
generation. 

Perhaps the most widely available refuse fuel is some 
form of wet wood. For the purposes of this paper wood 
containing above 30 per cent moisture, on the as-received 
basis, will be considered as ‘‘wet’’. 

\Vet wood is a large-quantity by-product to the manu- 
lacture of lumber, pulp and the so-called naval stores 
Suc as pine pitch and rosin. When used for steam gen- 
eration it falls into three broad classifications, each of 
Which has its own specific combustion problems. Into 


: rom a paper before the Semi-Annual Meeting of the A.S.M.E. at San 
Fray isco, June 27—July 1, 1949. 
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the first classification fall the sawmills in which much of 
this fuel is produced. For their own use, it is usually 
made up of sawdust, shavings, bark and other wood waste 
in varying percentages depending on the nature of the 
operation, resulting from the production of lumber, the 
method of storing and disposing of waste wood and the 
arrangement of available fuel-burning equipment. A 
subdivision of this classification includes those plants 
which purchase their wood-fuel supply, called “hog fuel,”’ 
usually composed of chips with little or no sawdust and 
shavings. Pulp and paper mills are in the second classi- 
fication, as they must dispose of wet-wood refuse pro- 
duced in their wood-preparation plants. Their principal 
problem is one of wet bark disposal. The third classi- 
fication is comprised principally of the so-called naval 
stores plants, the majority of which are located in the 
southeastern section of the United States. In these, pine 
pitch, rosin and other products are obtained from pine 
stumps which are chipped, mixed with a solvent and 
steam cooked. The “‘spent’’ wood chips, minus the 
recovered pitch and rosin, are then available for steam 
production. 

For lumber mill installations the furnace most fre- 
quently used is of the two-stage type comprising a 
dutch oven for drying and gasification, and a secondary 
chamber in which combustion of the gaseous products 
is completed. Inasmuch as wet wood burning is largely 
a matter of surface combustion, the use of refractory 
arches and walls in the primary, or dutch-oven furnace 
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Fig. 1—Conventional dutch-oven furnace using three cells 
of the single-pile type 
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Fig. 2—Steam-generating unit with two-cell dutch-oven 

furnace using tandem arrangement of fuel-feed openings. 

Burners for auxiliary oil firing are located in rear wall of 
secondary furnace. 


is of considerable importance. Their function is_ to 
provide the maximum possible amount of radiant and 
reflected heat for maintaining gasification and preventing 
the fire from becoming extinguished, even though the 
overfeeding principle of continually supplying fresh fuel 
to the surface of the ignited cone-shaped pile is used. 

The lumber-mill installation shown in Fig. 1 uses as 
fuel a mixture of wet sawdust and rough hogged refuse 
with occasional batches of dry mill waste. The major 
portion of dry wood waste and bark are processed for 
other uses. The dutch-oven furnace comprises three 
cells of the single-pile type in which fuel to each cell is 
fed through a single opening in the arch roof. The 
grates in each cell are 8 ft wide by 9 ft 6 in. long and have 
a slope of 1'/2 in. to the foot. The furnace is operated 
with the apex of the fuel pile approximately 12 in. below 
the feed opening. Air for combustion comes from two 
sources: (1) An uncontrolled amount enters the primary 
furnace through the feed opening, and the secondary 
furnace through bridgewall ports. (2) A controlled 
amount of preheated air used for regulating boiler out- 
put is supplied undergrate by a forced-draft fan. The 
secondary combustion chamber is watercooled. Maxi- 
mum capacity developed by this unit ranges from 80,000 
to 90,000 lb of steam per hour at a wood-burning rate 
of from 160 to 185 lb per sq ft per hr, with CO, ranging 
between 15 and 15.5 per cent. The moisture content of 
the wood that is burned usually varies between 45 and 
5) per cent. 

Another lumber-mill installation, shown in Fig. 2, uses 
wet redwood sawdust and hogged refuse with a moisture 
content of 50 to 55 per cent. The dutch-oven furnace 
comprises three cells each having two feed openings for a 
grate 6 ft Sin. wide by 18 ftlong. The fuel pile is a ridge 
consisting of two overlapping cones. Draft is used to 
supply the primary furnace with undergrate air through 
open ash-pit doors and overfire air through the fuel 
openings. The water-cooled secondary furnace receives 
its air supply through bridgewall ports. Capacity de- 
veloped by this unit ranges from 90,000 to 100,000 lb of 
steam per hour at a wood burning rate of from 130 to 140 
Ib per sq ft per hr with CO. ranging between 14 and 14.5 
per cent. 
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These two installations are typical for a majority of 
lumber-mill installations. They operate quite success 
fully but are subject to frequent service interruptions 
for purposes of cleaning slag accumulations, and refrac- 
tory or grate renewals. Furthermore, because a large per- 
centage of the air for combustion is noncontrollable, and 
the fuel supply cannot be closely regulated, it becomes 
necessary to make continual changes through manual 
adjustments to produce operating results that are ac 
ceptable. 

A considerable amount of experimental work has 
recently been completed with a design that provides what 
may seem to be a radical departure from previously 
accepted standards for wet wood burning. With this 
newer approach it is possible to simplify furnace arrange- 
ment, reduce the width of boiler furnace, and bring many 
previously noncontrollable factors of older designs to a 
point where automatic regulation will replace most of the 
previously required manual adjustments. 


Underfeed Method of Wood Burning 


The experimental installation consists of a_ single 
stage furnace 20 ft high, in the lower part of which is 
installed a grate 8 ft wide by 8 ft long. Wet wood is 
supplied by the underfeed method to the grate through 
a specially designed retort. A reciprocating ram moves 
the wood from a hopper or bin through the stoker con- 
veyer pipe to the retort. The fuel is burned in a pile, 
but instead of being continually showered downward 
from above it is gradually forced upward through the pile 
from the retort. The fuel feed is thus definitely con- 
trollable and the external stoker hopper serves as a surge 
bin to take care of variations in wood supply from the 
conveyer. Air for combustion is supplied undergrate, 
as well as overfire by a forced-draft fan. There are no 
openings through which large noncontrollable quantities 
of air may flow into the furnace. Thus with this design 
it is possible to apply automatic regulation for maintain- 
ing desired proportions of fuel and air and thereby main- 
tain at all times more consistently uniform operating 
conditions, 

Some of the data from this experimental installation 
are shown in the tabulation. 





Fig. 3—Unit with single-stage furnace using the underfeed 
method for firing wet wood 
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RESULTS WITH UNDERFEED FIRING OF WET WOOD 
Lb/sq 


Fuel Moisture Co Lb/hr ft/hr 
Southern pine and sawmill refuse 51.4 17.5 7,500 117 
Southern pine and sawmill refuse 51.4 17.0 12.750 200 
Spent pine chips 66.5 16.0 13,150 206* 
California redwood 44.0 16.9 11200 175 
California redwood 50.9 15.7 10.930 170 
California redwood 57.8 i8.8 15.300 240* 
California redwood 19.1 17.3 14.550 22 
California redwood 57 8 1h.6 7'820 123 


* Limit set by burning rate 


rhe possibility of burning wet wood in a single-stage 
furnace, at continuous rates of from 200 to 235 Ib per sq 
ft of grate per hour, with CO, approximately 17.5 per 
cent, provides the designer with a number of interesting 
possibilities when new installations are considered. The 
wood-burning stoker and grate would be used with a 
water-cooled single-stage furnace serving as an integral 
part of the boiler. An economizer and air heater could 
be used to provide higher efficiency through additional 
heat recovery. The amount of steam produced per foot 
of width with the new unit would be greater than with 
previous designs. The result would be a highly efficient, 
compact, automatically regulated unit capable of operat- 
ing continuously for long periods between maintenance 
or cleaning outages. Many of these design features are 
incorporated in the unit shown in Fig. 3. 

The foregoing discussion may also be applied to those 
plants which purchase their wood fuel supply. The 
operating problems, however, are somewhat simplified 
because moisture, as well as chip and sawdust content of 
their fuel may be more uniformly constant. The furnace 
problems, however, are similar to those of the lumber 
mill and, therefore, because fuel is purchased, any 
improvement in design which provides higher efficiency 
and close automatic control is of even greater interest to 
them. 


Burning Paper Mill Refuse 


Wet wood refuse from paper-mill operation usually 
consists of bark, butt ends, culled wood, sawdust and 
ground-wood screen tailings. The most important of 
these, and perhaps the most uncertain as to quantity, is 
wet bark. 

Bark as received from some barking processes con- 
tains 80 per cent or more moisture, and in this condition 
is of no value as fuel, as it will not support its own com- 
bustion, and it will be necessary to supply heat from 
some other source if the wet material is to be disposed of 
in a boiler furnace. 

Through the use of mechanical presses, preliminary 
dewatering must be resorted to if any useful heat is to be 
realized from the burning of bark. By this means it is 
possible to reduce economically the moisture content of 
bark from 80 to 65 per cent and thereby make some of its 
heat content available for steam generation. Some mills 
burn the pressed bark together with other wood-room 
refuse without further preparation. However, hogging 
the fuel before burning provides a more favorable size 
consist which in turn makes possible more uniform feed- 
iny and also contributes to improvements in the com- 
bustion process. 

Chis problem of excessively wet bark is corimon to all 
northern mills and the best method of burning, thus far, 
is ‘he two-stage dutch-oven furnace. Since power and 
steam requirements of pulp and paper mills are relatively 
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constant while the wood-fuel supply is variable, it be- 
comes necessary to provide a standby or supplementary 
fuel. The units, therefore, depart from the previously 
shown lumber-mill type. 

A large midwestern paper mill has installed several 
steam-generating units designed to burn wet wood refuse 
and pulverized coal. This design, shown in Fig. 4, 
incorporates a wood-burning furnace consisting of a 
two-cell dutch oven with flat grates located below, but 
opening into a large water-cooled secondary combustion 
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Fig. 4—Arrangement for combination firing of pulverized 
coal and wet refuse from a paper-mill wood room. The 
dutch oven uses two cells of the single-pile type. 


chamber in which pulverized fuel is burned. These units 
have been in successful operation for a number of years. 
The wood fuel is a variable mixture of pressed bark, saw- 
dust, log shavings, knots, culled wood, butt ends and 
ground-wood screen tailings and has an average moisture 
content of 60 percent. With this fuel it has been possible 
to operate at a continuous capacity of 55,000 Ib of steam 
per hr and at peak capacities of 85,000 lb per hr for 
periods of 15 minutes. The limitation on output seems 
to be the ability to supply sufficient wood fuel to the 
furnace rather than to burn it, inasmuch as the fuel pile 
on the grates could not be maintained during these high- 
capacity periods. Supplementary pulverized-fuel firing, 
either simultaneously with wood or in another unit, is 
used at times of heavy steam demand or when insufficient 
wood is produced. 
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Fig. 5—Paper-mill installation in which the dutch-oven 
furnace with sloping grate is applied to a boiler equipped 
for auxiliary oil firing in the water-cooled secondary furnace 


In many southern mills the sloping-grate furnace has 
been used for wet bark. A furnace of this type, designed 
to burn mixtures of wet bark and refuse wood, and 
arranged for supplementary oil firing, is shown in Fig. 
5. The fuel, instead of being fed through a central 
opening onto a conical pile, is controlled by a regulating 
gate. The fuel supporting surfaces are sloped in accord- 
ance with the fuel to be burned and are sectionalized to 
provide drying and burning zones. Air is supplied 
undergrate and through overfire nozzles in the bridgewall. 
The large secondary combustion chamber, equipped with 
oil burners, is fully watercooled. 


Two-Stage Burning 


The two-stage furnace using either flat or sloping 
grates has burned wet wood fuel with a fair degree of 
success in many southern mills. Newer arrangements, 
however, have been developed to simplify designs and, 
simultaneously, provide for more effective firing control. 
In these, spreader stoker firing, made possible through 
improved sizing of the wood refuse before firing, has been 
the principal contributing factor. The single-stage 
water-cooled furnace is used for the wood, as well as 
supplementary fuels. Air supply and fuel feed may be 
automatically controlled to maintain consistently uni- 
form operating results. High capacity per foot of fur- 
nace width and instant response to changes in steam 
demand are obtainable without apparent effort. The 
arrangement of these spreader-stoker-fired units is well 
illustrated in Fig. 6. Continuous capacity of this unit 
is 90,000 lb of steam per hour when fired with wood refuse 
having a moisture content of 45 per cent. The furnace 
width is 16 ft 7!/4 in. and the fuel rate 30,500 lb per 
hr, or 700,000 Btu per sq ft of grate per hour heat re- 
lease. The single-stage furnace is fully water-cooled and 
the spreader unit, while located somewhat higher above 
the grate than for straight coal firing, is nevertheless well 
below the point at which the products of combustion 
enter the boiler bank. This arrangement provides for 
maximum heat absorption in the furnace and, at the same 
time, allows ample time for the burning of any flying 
“char” particles, thereby reducing stack discharge. 
Coal may be used in the spreader units as auxiliary fuel. 
A major portion of the air is supplied undergrate, and 
the remainder enters the furnace through a series of 
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overfire jets in the furnace walls to produce turbulent 
mixing of the gas as it rises from the fuel bed. In adili- 
tion to the mixing action the overfire air serves to reduce 
char carryover because much of the fuel is dried, ignited 
and burned in suspension before it has time to reach the 
grate. It is this rapid burning action which makes pos- 
sible the almost instantaneous response of this firing 
method to changes in steam demand. 

‘“Spent-wood”’ refuse from the naval stores plants is a 
wood fuel whose characteristics differ somewhat from the 
ones described above. In this process old pine stumps 
are given a preliminary spraying with water to remove 
part of the sand and soil carried by their root structure. 
After this ‘rinse’ they pass through a series of high- 
speed chippers. The resulting chips and remaining sand 
then enter the process digester where steam cooking and 
solvents remove practically all the resin and pitch. The 
spent-wood chips, devoid of the flashy burning character- 
istics of pine, are then burned in furnaces to produce 
steam for process requirements. 

The accepted furnace designs for this fuel are of the 
sloping-grate type having relatively low capacity, and 
requiring considerable manual labor for sand and char 
removal. The normal continuous capacity for a furnace 
of this type, having a width of 10 ft, is from 30,000 to 
40,000 Ib of steam per hour, with CO, of 10 to 12 per 
cent and volumes of black smoke continually rolling from 
the stack. Response to changes in steam demand is 
extremely sluggish. Because of these, as well as many 
other adverse characteristics, a steam generating unit 
incorporating a number of new furnace features was 
given a series of preliminary tests. Performance ex- 
ceeded predictions in every respect and accumulated 
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Fig. 6—Spreader-stoker-fired steam-generating unit of 
90,000 1b of steam per hr capacity with wet wood firing 
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operating experience together with recorded data provide 
a basis for many design improvements. An outline of 
the test unit, which has now been in operation for well 
over two years, is shown in Fig. 7. It consists essentially 
of a tall water-cooled single-stage furnace, a two-drum 
bent-tube boiler and tubular air heater. A traveling 
grate is employed for supporting the fuel pile, and also 
for continuously discharging any sand or ash accumula- 
tions to a sluiceway. The spent-wood chips withdrawn 
from the ‘‘live-bottom”’ fuel bin, by nine large screw con- 
veyors, are discharged into two distributors of the 
spreader type, located in the furnace wall at a consider- 
able height above the grate level. A series of overfire 
air nozzles, arranged in four alternate tangential belts, 
provide highly turbulent zones through which the larger 
wood chips and much of the sand fall to the grate. The 
smaller chips are either completely burned in suspension 
or leave the furnace as char, which, together with some 
of the sand, accumulates in the boiler hopper or dust 
collector. 

Air for combustion is obtained from three main 
sources: (1) underfire at room temperature, through the 





Fig. 7—Large-scale experimental unit using a single-stage 
furnace with spreader firing and tangential arrangement of 
overfire air jets 


stoker grate by furnace draft induction and controlled 
by doors in each of the stoker compartments; (2) overfire 
from the air heater, by a forced-draft fan to the various 
furnace nozzles and (3) leakage through distributor units 
and around stoker seals. 

‘his unit is usually operated continuously at a capacity 
of from 100,000 to 120,000 Ib of steam per hour and a 
CO, of from 16 to 18 per cent with smoke of approxi- 

tely No. 1 Ringelmann density. This is quite an im- 
provement over the performance of the sloping-grate 
uniis having the same furnace width. - 

During a series of recently conducted tests a capacity 
of | 42,000 Ib of steam per hour was maintained for three 
hours with an average CO, of 18.4 per cent when burning 
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spent-wood chips having a moisture content of 37.0 per 
cent. Also, hogged pine bark with moisture content of 
14.3 per cent has been used to develop a capacity of 
97,200 Ib of steam per hour with corresponding CO, of 
15.5 per cent. 

The operating experiences and test results obtained 
with this experimental unit have provided fundamental 
data for improved designs in which there would be some 
rearrangement of overfire nozzles, a revised distribution 
of the air supplied by the forced-draft fan, modified loca- 
tion of the distributor unit and some rearrangement of 
furnace dimensions. With this revised unit it would 
then be possible to burn spent-wood chips, hogged bark 
(moisture below 60 per cent), hogged wood of all species, 
and coal or oil. Capacity could be maintained at from 
10,000 to 15,000 Ib of steam per foot of furnace width 
and CO: of 16 to 17 per cent. The efficiency would de- 
pend largely on the size of air heater installed. 

This newer type of unit should appeal to plant opera- 
tors in the northwestern section of the United States not 
only because of their present wet wood fuel but because 
of the possibility for extracting commercially large quan- 
tities of pitch from Ponderosa pine stumps. This matter 
was reported fully in the Jan. 1, 1949, issue of Science 
News Letter from which the following is quoted: “It has 
been long known that Ponderosa pine stumps contain 
pitch, but quantity, quality and costs of extracting were 
uncertain factors. It is now known that pitch can be 
extracted commercially. This is a result of work at the 
Portland, Ore., laboratory of the Western Pine Associa- 
le 

With either spreader or underfeed firing it is necessary 
to have proper sizing of the wood chips to assure uniform 
feeding and rapid burning. In addition, drying should 
be carried to as far below the 60 per cent moisture con- 
tent as is commercially allowable. This applies partic- 
ularly to those operations in which the hog fuel contains 
a high percentage of bark. 

Research investigations are now well underway with 
a large-scale installation to develop a newer and more 
economical means for removing additional moisture from 
mixtures of hogged pressed bark and wet wood refuse. 
Results obtained thus far are encouraging and a full 
report on this work may be available in the near future. 
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PUT YOUR COMPLETE 


SRR RRNRNRETET ON 
POWER PIPING JOB 


IN 


CAPABLE 
HANDS 


Prefabrication is the accepted method to use 
on today’s power piping job. And it takes capa- 
ble hands to do the job—every step along the 
way from engineering through field erection. 

Efficient prefabrication requires correct in- 
terpretation of blueprints . . . careful detailing 
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to coordinate shop work with field work .. . res 
complete shop facilities and trained craftsmen all 
... highly specialized metallurgical control, car 
model testing, and other accepted test proce- boi 
dures .. . and expert field erection. I 
Equally important—it requires long and di- hea 
versified practical experience with all types moi 
of high pressure, high temperature piping. thes 
We have specialized in this field for almost solic 
half a century. Ask our nearest field repre- T 
sentative for additional information. prov 
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Steam Sampling Regulation of 


Boiler Blowdown for 


Conditions under which foaming may 
occur are reviewed, but effective con- 
trol may be attained by providing the 
operator with a continuous record of 
conductivity of a steam sample taken 
from the boiler drum. Test results are 


indicated on several charts. 


ANY industrial boilers, operating under varable 

load and high makeup conditions, are subject to 

changes in boiler water concentrations that may 
result in excessive foaming and periodic carryover. Usu- 
ally the operators are not aware of the changes until 
carryover to the superheater develops or the occasional 
boiler water samples are analyzed. 

Even in cases where actual carryover to the super- 
heater does not occur, foaming into steam dryers and 
moisture eliminators causes troublesome deposits in 
these devices because of the concentration of suspended 
solids in the foam films. 

These difficulties may be kept under full control by 
providing the operator with a continuous record of the 
conductivity of a steam sample taken within the boiler 
drum between the primary separation equipment and the 
final steam dryer. Such a sample gives immediate warn- 
ing of the development of a foaming condition at the 
dryer inlet and allows ample time for correction of the 
foaming by increased boiler blowdown before carryover 
reaches the superheater. 

The steam between the primary separator and the 
dryer will contain variable amounts of moisture in the 
form of spray or foam films, dependent on the boiler 
rating and the effectiveness of the primary separator. 
When the moisture in this steam is wholly in the form of 
spray, and foaming is under full control, the conduc- 
tivity of the steam sample will vary consistently with 
change in rating and boiler water concentrations. When 
the moisture contains foam films, due to breakdown in 
control of foaming by the primary separator, its conduc- 
ductivity becomes erratic. If the foaming becomes 
excessive, with danger of foamover into the superheater, 
the conductivity of the sample may approach the conduc- 
tivity of the boiler water itself. 

Ratio of the conductivity of the dryer inlet steam 
sainple to the conductivity of the boiler water is a rough 
measure of the amount of moisture in the steam delivered 
tothe dryer. Under normal spray conditions, this ratio 
wi'l usually be between 0.05 and 0.20, indicative of about 
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Control of Foaming 


By P. B. PLACE 


Research Engineer, 
Combustion Engineering-Superheater, Inc. 


5) to 20 per cent moisture in the steam to the dryer. 
Under foaming conditions, the ratio may increase sud- 
denly to values of from 0.30 to over 0.70, indicative of a 
change in the character of the moisture being sampled. 
Dryers are designed to filter out residual moisture con- 
tents up to 15-20 per cent, but excessive inlet moisture 
will flood the dryer and result in carryover to the super- 
heater. 

The conductivity control method consists of installa- 
tion of a steam sampling line at the inlet of the dryer, 
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Fig. 1—Location of dryer inlet steam sample line 


with a continuous conductivity recorder at the boiler 
control panel where the operator can see it at all times. 
Normal range of condutivity values are determined by 
suitable tests and the operator then controls his boiler 
blowdown to keep the conductivity record within cer- 
tain limits. Any radical increase in conductivity of the 
sample is immediately corrected by increase in blowdown 
and as long as the sample conductivity remains within 
its specified limits, boiler water concentrations may be 
allowed to increase. Since foaming is not a fixed func- 
tion of concentration, protection against foaming cannot 
be assured by operation below fixed concentration limits. 
At times, higher concentrations can be carried without 
trouble and at other times, lower concentrations must be 
held to avoid foaming. Under conductivity control, 
maximum safe concentrations can be maintained most of 
the time. 
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The steam sampling system can be applied to any type 
of drum internals where there is space between the pri- 
mary separator and the final dryer. Fig. 1 shows the 
general location of the sampling line in a widely used type 
of drum internals. The sampling line has no special 
features of design, its chief function being to register 
changes in conductivity rather than to obtain an accurate 
and representative sample of the steam. A perforated 
* sin. pipe, extending across the dryer inlet and through 
the drum shell to a condenser, is usually satisfactory. 
The steam sampling rate should be sufficient to keep the 
line clear of deposits and insure a continuous flow of 
sample. The faster the rate of sampling, the less the lag 
in the recorder indication and the more quickly can foam- 
ing be corrected. 

In order to establish a safe operating range of dryer 
inlet steam conductivity, and to determine the range 
necessary for the conductivity recorder, tests are made 
under controlled operating conditions and conductivity 
of the dryer inlet and saturated header steam noted. 

Since spray conditions at this point in the drum are 
largely a function of boiler ratings and local steam veloci- 
ties, conductivity ratios that are established at low boiler 
water concentrations will be consistent with ratios ob- 
tained at any other boiler water concentrations up to 
the point where foaming starts. Thus, by making these 
calibration tests at concentrations well below normal 
value, and as low as 500 ppm if possible, the conductivity 
ratios and approximate moisture content of the dryer 
inlet steam can be established. From these values, the 
expected conductivity of foam-free steam at the dryer 
inlet can be estimated for any other boiler water concen- 


Fig. 2—Test results under non-foamy water conditions 
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trations. The object of making the calibration tests at 
low concentrations is to insure absence of foaming so that 
the ratios will represent foam-free conditions. 

In the absence of such tests, the conductivity range of 
the recorder can be such as to include conductivity values 
up to 20 per cent of normal boiler water conductivities, 

Fig. 2 shows results of a calibration test at low boiler 
water concentration, with variations in rating and water 
level. Note that header and dryer inlet steam conduc- 
tivity is but little affected by radical changes in rating 
and water level, and that conductivity ratio of dryer 
inlet steam to boiler water varies with rating but shows 
no radical increases above 0.1. During the test, water 
level was increased 9 in. at full load without any effect on 
header or dryer inlet steam purity. 

In Fig. 3 is shown the effect on dryer inlet steam con- 
ductivity and conductivity ratios of an increase in boiler 
water concentration to initial foaming condition. Note 
that although no carryover to the superheater occurred, 
and conditions were satisfactory under steady conditions 
of full load, the dryer inlet steam and conductivity ratios 
register fluctuations indicative of initial foaming, when 
rating or water level variations occur. Under such con- 
ditions, the boiler would likely deliver satisfactory steam 
under normal load and water level fluctuations, but might 
momentarily carry over if subjected to sudden swings in 
rating or water level. In any case, the foam is carrying 
suspended solids into the dryer that will eventually re- 
quire cleaning. 

In Fig. 4 the tests are continued at higher boiler water 
concentration which resulted in momentary and minor 
carryover to the superheater at 10:40. Note that dryer 


++ ++ 


SSeS SSese et 


+++ 
$44 


Fig. 3—Test results showing initial foam development 
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Fig. 4—Test results showing excessive foarn development 


inlet steam registered abnormally high conductivity and 
that conductivity ratios exceeded 0.5, even though the 
boiler rating was less than full load. 

It will be noticed that the peaks in the ratios corre- 
spond, in general, to increases in water level. This is be- 
cause the accumulation of foam on the water level in the 
drum is raised when the water level increases, and the 
foam floods through into the dryer. It is of interest also 
to note that the low values for dryer inlet steam conduc- 
tivitv and conductivity ratios are consistent with those 
obtained under spray conditions and that the swings in 
value represent surges of foam into the steam sampling 
area. 

This system of control has been in operation in one 
plant where considerable trouble was experienced with 
periodic carryover, superheater tube failures and plug- 
ging of dryers and has proved very satisfactory in con- 
trolling these difficulties. 

It may be noted that the boiler water conductivities 
given in the charts do not represent very high boiler 
water concentrations. In this case foaming developed 
at relatively low concentration, but the values are no 
criterion of the concentration at which any boiler water 
will foam, In rare cases foaming may develop at con- 
centrations below 500 ppm and on the other hand, tests 
made with concentrations of several thousand parts per 
million have shown no excessive foaming. When foam- 
ing does start, however, it usually develops rapidly, and 
the value of the described control method is that 1t may 
be detected immediately before it results in plugged 
dryers, carryover and possible superheater failures. 
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Facts and Figures 


Resuperheating to throttle temperature generally re- 
sults in about 4! /, per cent gain in turbine heat rate. 


rhe presence of sulfur trioxide in flue gas tends to 
increase the dew point. 


The consumption of electricity in the U. S. has 
doubled in the last 8 years. 


Radium is said to be one and a half million times more 
radioactive than uranium. 


Acid slag is that which contains a substantial amount 
of active silica. 


Electric boilers have been built for capacities up to 
150,000 Ib of steam per hour, which corresponds to an 
input of about 50,000 kw. 


A large office building in Portland, Ore., is heated by 
means of a heat pump system utilizing heat extracted 
from well water. 


With the jet-propulsion gas turbine, heat releases 
equivalent to from 5 to 6 million Btu per cubic foot per 
hour are attained. 


Metals can be made resistant to graphitization by 
the inclusion of a small amount of chromium. 


Among the applications of wound-rotor induction 
motors are pumps and forced- and induced-draft fans, 
where continuous operation at reduced speed is required. 


Much higher rates of steam generation in water-tube 
boilers may be possible with the addition of certain 
anti-foam and wetting agents in feedwater. 


Approximately 5 million kilowatts of hydroelectric 
capacity is now under construction by the Federal Gov- 
ernment. When completed, this will bring the total of 
such capacity, including that authorized, up to nearly 15 
million kilowatts. 


Engineering of July 22 reports that very small con- 
denser leakage at the Early Station was detected by 
filling the condenser, dissolving a trace of fluoresceine in 
the water to a concentration of 10 ppm, and then explor- 
ing the tube sheet in semi-darkness with a mercury-vapor 
lamp having an ultra-violet fitter. Seepage at the tube 
ends showed up as a brilliant green. 
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lt’s a NATURAL...! 


Pittston’s Lucky Sevens...for the Careful Coal Bu 


7 Reasons why Pittston is a Preferred Name in Coal 


e Fuel for Every Need @ 26 Trade-Marked and Trade-Named 
e Complete and Competent Sales Coverage e Large, Untapped Coal Reserves 
e New and Modernized Preparation Plants @ Engineering Service 


e Coal from the Choice Fields of America 


Pittston Sales Subsidiaries. Each of the Pittston Sales Service Subsidiaries ho: 
years of experience in analyzing your coal needs plus a knowledge of the spe 


bituminous coal and anthracite best suited to these needs. 


Pittston Mining Subsidiaries. Pittston’s multi-million dollar overall expansion’ 
improvement program has meant acquiring the latest in mechanical and min 


equipment. That means more coal... better coal for all your needs. 


Coal Producing States supply the growing needs of Pittston and its Subsidiaries 
choice quality bituminous coal and anthracite. Through its subsidiaries, The Pit 


Company has a production and distributing capacity of 15,000,000 tons annve 


Yes!...it’s a natural conclusion arrived at by many thousands of soti 


customers...Buy Pittston Trade-Marked and Trade-Named Coals! 

















From Flue Gas 
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to Dry Ice 
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By A. J. GRANATA 


: 
~~ o 
oe 
« - 


Mgr. of Plant Sales Engrg., Pure Carbonic, Inc. 
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Carbon dioxide from boiler flue gas is used 


in the manufacture of dry ice at the new 
Chicago plant here described. Other 
methods of producing carbon dioxide are 
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mentioned, and boiler plant operation is 
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discussed. 





Firing floor, showing Coxe stokers 


TEAM is generally thought of as the primary and Combustion Engineering Type VU steam generating 
only usable product from a boiler. However, inthe units. Two of these boilers are rated at 15,000 lb of 





case of the manufacture of dry ice, carbon dioxide steam per hour and the third at 30,000 Ib per hr. All 

from flue gas becomes the primary product and steam is three are equipped to burn coke breeze on Coxe stokers, 

a actually a by-product. or oil. Design pressure is 250 psig and operation is at 
« Recently Pure Carbonic, Inc., opened a 3 million dollar 235 psig, saturated steam. 

carbon dioxide plant in Chicago having a capacity of Actually the three boilers are primarily carbon dioxide 

By more than 140 tons daily. The Girbotol absorption gas producers, and some boiler efficiency is sacrificed to 








process is used to absorb the carbon dioxide from three obtain maximum carbon dioxide output. Under normal 










Top view of boilers, including 
explosion doors and steam 
outlet headers 
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A portion of the boiler control panel 


operation when burning coke, COs averages 17 per cent, 
of which the Girbotol absorption equipment is capable of 
absorbing in excess of 90 per cent. A special effort in 
boiler operation is made to keep the concentration of 
oxygen in the flue gas at a minimum because of its harm- 
ful effect upon the Girbotol solution. 

In view of this unusual application of the products of 
combustion of a steam generating unit, it might be inter- 
esting to note some other methods for producing carbon 
dioxide. One process which is no longer used for eco- 
nomic reasons is the chemical reaction of sulfuric acid 
and magnesium carbonate, from which carbon dioxide 
and Epsom salts may be recovered. Other important 
sources are fermentation vats in industrial alcohol 
plants and as a by-product from the kilns of alkali 
plants. Both of the latter have the disadvantage that 
output depends upon demand for the principal product. 

While the recovery process for use with boiler flue gas 
is more costly than is the case in purifying more nearly 
pure carbon dioxide from other sources, the steam gener- 
ating unit has the advantage, as a carbon-dioxide gen- 
erator, that output can be controlled to meet demand 
without regard to disposal of other products. It has the 
further advantage that plants can be located in distribu- 
tion centers. 

At the Chicago plant of Pure Carbonic, Inc., methods 
of boiler operation follow much the same procedure as in 
conventional industrial power plants of comparable size. 
The major difference is that carbon dioxide content is 
maintained as high as possible. A system of combustion 
control is employed to control the forced-draft fan and 
Coxe stoker and to regulate the dampers. 

Steam produced by the boilers is used in engines which 
drive compressors and is then exhausted to reboilers 
which heat the absorbing Girbotol solution. There is a 
close balance between the amount of steam required to 
reactivate the solution and the flue gas necessary to pro- 
vide carbon dioxide. About 80 per cent of the steam, 
after passing through the engines, is returned to the boil- 
ers as condensate. 

With its capacity of 140 tons of dry ice per day the 
Chicago plant ranks among the largest producers of 
carbon dioxide from boiler flue gas. 
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Variations in Efficiency and Cost with 
Steam Conditions 


The effects of steam pressure and temperature on 
station efficiency and cost are discussed, among other 
things, in a paper on “The Trend of Power Station 
Design,’ by E. Forth and J. B. Jackson, before the 
British Institute of Fuel and published in the August 
1949 Journal of that society. The following curves 
and‘comments are taken from this comprehensive paper, 
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Fig. |—Efficiency and cost vs. pressure 


It is observed that advances in steam pressure and 
steam temperature evidently give rapidly diminishing 
returns on the extra capital expenditure; but the di- 
minishing returns on increases in pressure are due to the 
physical laws governing the heat cycle, whereas those due 
to increases in temperature are due to the cost of high- 
temperature steels. However, since the relative cost of 
such steels may be expected to decrease, in the opinion 
of the authors, there is every incentive to progress in the 
direction of higher steam temperatures. A _ casual 
examination of Fig. 1 suggests that the advantage ol 
using very high steam pressures is open to question. 
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Fig. 2—Efficiency and cost vs. temperature 
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Section through Grossbliederstroff turbine 


Large American and European 
Turbines Compared 


ENERALLY, turbine-generators abroad have been 
of somewhat less capacity than those commonly 
employed by electric utilities in this country, due 

perhaps to different system conditions. However, post- 
war practice in Europe appears to be tending toward 
larger units than heretofore. There the largest single- 
shaft, 3000-rpm machine to date is a 110,000-kw unit 
designed by Brown Boveri for the Grossbliederstroff 
power station in Lorraine. 

Although a number of machines of greater capacity 
than this have long been operating in the United States, 
they are not of the 3600-rpm, single-shaft, tandem type. 
The largest units of this type now in service are nomi- 
nally rated at 100,000 kw. One such machine is the 
General Electric unit at the new Sewaren Generating 
Station of the Public Service Electric & Gas Company, a 
cross-section of the steam end of which is here shown. 

Steam conditions under which the latter will operate 
are 1250 psig and 968 F at the throttle. There will be 
SIX extraction points giving a feedwater temperature of 


























$115 Fat fullload. The main generator is rated at 100,000 
kw and is hydrogen-cooled; whereas the 10,000-kw house 
generator coupled in tandem is air-cooled. The exciter is 
separately driven by a three-phase motor. Reference to 
the cross-section will show that there are a high-, inter- 
mediate- and two low-pressure cylinders, the last men 
tioned having four exhaust-steam branches to accommo- 
date the large volume of steam and to reduce exit losses. 

The main generator of the Sewaren unit is also nomi 
nally rated at 100,000 kw; is hydrogen-cooled and is 
direct-connected to a 7500-kw, air-cooled auxiliary gener- 
ator. The throttle conditions are higher than the Euro- 
pean machine, namely 1500 psi and 1050 F and the last 
five stages are arranged for triple flow. There are 
eighteen high-pressure stages and the high-pressure sec- 
tion is of double shell construction. Eight stages of 
steam extraction raise the feedwater temperature leaving 
the last heater to 453 F. 

Although dimensions are not given, the American de- 
sign would appear more compact. 








Section through Sewaren turbine 
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In Plant After Plant— 





A Few of Many MULTICLONE Advantages! 


POINT Oo —It Saves Space! 


Plant space costs money. Because the Multiclone makes really im- 
portant savings in space, it makes similar savings in plant costs. 
The chart tells only part of the story because, in addition to being 
far more compact both in square and cubic footage, the shape of 
the Multiclone can be adjusted to fit various space requirements— 










either long and narrow, Relotive Spoce Requirements 
short and wide, or Make In Sq. Fr. In Cu. Fe. 
square. You can often 1.0 1.0 


fit the Multiclone into 1 : 
tight spaces or waste 
areas too small for 
other equipment! 


POINT @ —It Recovers the ‘’Fines’’! " 


Because its exclusive vane design and small diameter 
tubes generate higher centrifugal forces, the Multi- 
clone recovers a large percentage of even the very 
fine particles 10 microns and less as well as the 
heavier particles. Multiclone’s high recovery of both 
small and large particles means high overall col- 
lecting efficiency. oust 


POINT &) —It is Unusually Adaptable! 


In addition to the shape adaptability outlined above, Multiclone’s 
inlet-outlet connections are also readily adaptable to plant re- 
strictions. Where headroom is low, 
install the Multiclone with side-inlet, 
side-outlet. Where side clearances 
are small, use side-inlet, top-outlet 
arrangement. Or still other arrange- 
ments are possible! 


POINT © —It is Simple! a 


Both installation and maintenance of 
the Multiclone are unusually simple. 
For example, the Multiclone requires 
only a single inlet and a single outlet 
duct compared with the complicated 
multiple ducts of conventional cy- 
clones. This not only saves space— 
but is simpler and cheaper to install 7 hie —= 
and insulate. Moreover, the Multi- 7 
clone has no filters to replace, no hilt! 
high-speed moving parts to maintain, jl 
nothing to require frequent cleaning 

or repair...and a single collecting 


Cc 3.9 





Conventional Cyclone 














hopper serves many tubes! Multiclone 
POINT © Still Other 
Advantages! 







The above advantages are by no means the 
complete story on Multiclone savings. Get all 
the facts before you decide on any recovery 
installation. 


Send for this Multiclone booklet! 








* AFTER YEAR~—in plant after plant—one of the 
nation’s largest automobile manufacturers has selected 
Multiclone Collectors for recovering fly ash and dust in its 
many manufacturing divisions. This repeated selection of 
Multiclones—now totalling over 35 units—is high testi- 
mony to the many vital advantages found in Multiclone 
equipment. Check over some of these advantages as outlined 
at left... advantages that will save space —cut installation costs 
— boost recovery efficiencies — minimize maintenance and make 
other important savings on your recovery operations, too. 


Then consider this fact... Any ove of these advantages is 
sufficiently important in itself to make Multiclone equipment the 
logical choice for your re- 
covery operations. But when 
you realize that the Multi- 
clone offers definite, clear- 
cut advantages on every 
qualification essential to 
maximum efficiency and 
economy in recovery opera- 





tions you have some idea 
of the far-reaching savings 
you will make by installing 
Multiclone. 


Let us give you further 
information on Multiclone 
recovery equipment. A let- 
ter, wire or phone call to 
our nearest office places the 
information in your hands 
without obligation. Get a/l 





the facts—and you'll get 


Multiclone! 


WESTERN 
CORPORATION 


ENCINEERS, DESICNERS & MANUFACTURERS OF EQUIPMENT FOR 
COLLECTION OF SUSPENDED MATERIALS FROM CASES & LIQUIDS 


Main Offices: 1022 WEST NINTH STREET, LOS ANGELES 15, CALIFORNIA 
CHRYSLER BLDG., NEW YORK 17 « 1 LoSALLE ST. BLDG., 1 N. La SALLE ST., 
CHICAGO 2 « HOBART BUILDING, SAN FRANCISCO 4, CALIFORNIA 
PRECIPITATION CO, OF CANADA, LTD., DOMINION SQ. BLDG., MONTREAL 
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A.S.M.E. Fall Meeting at Erie, Pa. 


From the standpoint of those interested 
in fuels and power, the A.S.M.E. Fall 
Meeting at Erie, Pa., September 27-30, 
will offer sessions on fly ash and gas tur- 
bines, as well as individual papers on clean- 
ing coal and on coal handling. The fly- 
ish session, scheduled for Wednesday 
morning, September 28, will include the 
following papers: 

“Fly Ash From Stokers,"’ by E. M 
Powell, Combustion Engineering-Super 
heater, Inc. 

“Fly-Ash Erosion in Boilers,’’ by A. R 
Weismantle and N. C. Artsay, both of 
Foster-Wheeler Corp 

“Fly-Ash Erosion of Boiler Surface, 
by W. D. Stevens, Babcock & Wilcox Co. 

“Fly-Ash Erosion in Boilers,’’ by L. V. 
Andrews and C. F. Hawley, both of Riley 
Stoker Corp. 

The gas turbine papers scheduled for 
Thursday afternoon are as follows: 

“Gas Turbines for Vehicles,’’ by Prof 
F. L. Schwartz of the University of Mich- 
igan. 

“Small-Output Gas Turbines,"’ by Prof 
A. T. Balint, University of Buffalo 

A second gas turbine session, on Friday 
morning, will include papers on 

“The Exhaust-Heated Gas Turbine 
Cycle,” by Prof. W. L. Mordell of McGill 
University. 

“Properties and Characteristics of Fuel 
Oils for Industrial Gas-Turbine Usage,”’ 


” 


available in many sizes and types. Sizes range 


Write for dimension sheets 


715€ Hanna Building 
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by D. P. Heath and E. 
Socony-Vacuum Oil Co. 

Papers on “Cleaning Coal,’”’ by T. F 
Downing of Philadelphia Electric Co., and 
“Coal-Handling Systems for Central 
Plant,”’ by W. A. Kaercher of Link Belt 
Co. are scheduled for Friday morning 

Besides these papers of particular inter- 
est to power engineers there will be sessions 
on metals, rubber and plastics, applied 
mechanics, machine design, materials 
handling, management, railroad engineer- 
ing and aviation. 

A luncheon on Wednesday will be 
addressed by Mayor J. C. Martin, of Erie, 
and by Norman Wilson, president of the 
Hammermill Paper Co. That on Thurs- 
day will hear K. B. McEachron, Jr., educa- 
tion supervisor of the General Electric 
Co., whose topic will be ‘‘Engineers’ Civic 
Responsibility.”’ On Friday the luncheon 
topic will be ‘‘The Interrelations of Tech- 
nical Education and Industry,”’ with 
T. K. Glennan, president of Case Institute 
of Technology, as the speaker. 

A banquet will be held on Thursday 
evening at which there will be talks«by 
James M. Todd, president of the Society, 
and by the Hon. Edward Martin, U. S. 
Senator from Pennsylvania. 

Inasmuch as Erie is an industrial com- 
munity, a number of inspection trips to 
local plants are planned. 

Headquarters will be at the Hotel 
Lawrence. 


Albat, both of 





COAL VALVES are 


from 6” to 30”. Either round or square 
flanges are available. Top of valve may be 
flanged or equipped with studs. Handwheel 


or chain operation available. 


STOCK ENGINEERING COMPANY 
* Cleveland 15, Ohio 





Television Finds Use in Power 
Plant 


A new use for the Diamond ‘“‘Utiliscope”’ 
(wired television in industry) that_results 
in increased efficiency and safety in boiler 
operation has been developed by engineers 
of the American Gas and Electric Service 
Corporation. The initial installation was 
made at Tidd Station of The Ohio Power 
Company and has proved very successful 





Six glowing disks are seen by the 
control room operator when all pilot 
burners are on 


This new use for the “‘Utiliscope’”’ is to 
check boiler pilot burner flame conditions 
It enables the control room operator to see 
for himself (without an observer on the 
firing floor) whether the burner pilots on a 
boiler furnace are off or on. The Utiliscope 
camera is focused upon a master mirror 
which receives reflections of six cat’s-eyes 
from smaller individual mirrors. In this 
way flame conditions at six different ports 
in the furnace are watched by one camera 

The monitor or receiver is built into the 
control panel, as shown in the accompany 
ing photograph, where six glowing disks 
indicate to the operator that all pilot 
burners are lighted and that the main 
burners can be turned on with safety. 

The ‘“‘Utiliscope”’ is a product of Cape 
heart-Farnsworth Corporation and the 
Diamond Power Specialty Corporation, 
Detroit, Michigan. 


Stoker Sales 


The Department of Commerce reports 
that a total of only 78 industrial plant 
stokers, in sizes over 1200 Ib of coal per 
hour, were sold in June of this year for 
installation in steam plants, compared 
with 107 in June 1948. For the first six 
months of the present year the total was 
380, compared with 632 for the correspond- 
ing period in 1948. Of these-about 70 
per cent were sold for firing water-tube 
boilers. These figures are based on data 
submitted by all such stoker manufac 
turers in the United States. The figures 
are exclusive of those representing stokers 
for domestic and small commercial use. 
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Results of recent tests et the National 
Bureau of Standards have shown that sev- 
eral ceramic bodies previously developed 
by the Bureau have marked superiority, 
in both strength and creep characteristics 
at 1800 F and above, over the best avail- 
able high-temperature metal alloys. Lab- 
oratory data indicate that these ceramic 
bodies, especially designed for use in jet 
engines and gas turbines, possess special 
properties required at the elevated oper- 
ating temperatures of such power plants. 


Developments during the past ten years, 
in both design and efficiency of power 
plants have emphasized the need for ma- 
terials of great strength and durability at 
very high temperatures. This is a natural 
consequence of the fact that, in any device 
for the conversion of heat energy into 
work, the efficiency may be increased by 
increasing the temperature differential be- 
tween the beginning and end of the con- 
version. 


Because design engineers projected their 
plans into regions of temperature and 
stress far beyond the potentialities of 
known metallic alloys, a survey of nonme- 
tallic compounds, especially the oxides, 
silicates, carbides and related combina- 
tions peculiar to ceramics became neces- 
sary. Little data existed in the literature 
upon which to base specific designs for the 
application of ceramics in power plants 
such as the gas turbine. Some work had 
been done on feldspathic bodies, which 
contain a bond of glass and, consequently, 
have limited use at elevated temperatures. 

Several reports were also available in 
the German literature on small specimens 
of simple oxide bodies with extraordinary 
resistance to mechanical stress at tempera- 
tures above 1800 F. These bodies had 
been matured, experimentally, at such 
high temperatures (about 3450 to 3550 F) 
that their successful production commer- 
cially in the United States seemed to be 
only a remote possibility. 


Therefore, when the National Bureau of 
Standards was requested, by the National 
Advisory Committee for Aeronautics in 
1944, to obtain engineering data on ce- 
ramic bodies in tension at elevated tem- 
peratures, it was thought advisable to be- 
gin the work on bodies which could be pro- 
duced with available industrial facilities. 
Leading ceramic concerns were requested 
to submit specimens for preliminary tests 
of bending at elevated temperatures and 
of resistance to thermal shock. Also, six 
promising bodies were selected from a 
number developed at the National Bureau 
of Standards during a previous investiga- 
tion. These tests, involving bending 
strength at 1800 F and relative resistance 
to thermal shock, showed the oxide bodies 
developed at the Bureau to have superior 
quality over those then available from 
commercial concerns. Therefore, a com- 
prehensive investigation was begun on the 
high-temperature strength and creep in 
pure tension of six such oxide bodies. 


Four general methods of test were fol- 
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High-Strength Ceramics for 
High-Temperature Use 


lowed, the first two of which may be de 
scribed as ‘‘step testing.”’ 


Method 1—The specimen was heated 
gradually to the test temperature and a 
stress considered to be well below the ten 
sile strength of the specimen was applied. 
After observing length changes for some 
predetermined time, the stress was in 
creased. Length changes were observed 
again, whereupon another increment of 
stress was applied. This was repeated un 
til rupture occurred. It was customary to 
increase the stress in increments of LOOO 
psi at about one-week intervals. 

Method 2—The original temperature and 
load conditions were essentially as de 
scribed for Method 1. In this method, 
however, the load remained constant and 
the temperature was raised, usually in 
100 deg steps at about one-week intervals. 
In some cases, the specimen had not rup- 
tured after prolonged holding at 1800 F. 
When this occurred in a furnace in which 
the temperature could not be raised safely 
above 1800 F, the test was continued by in 
creesing the load in steps while maintain- 
ing the 1800 F temperature. 

Method 3—After holding the specimen 


at 1800 F under a stress of 4000 psi for 48 
hours, stress was increased at the rate of 












pneumatic ash handling system. 
Write today for bulletin just 





BOILER BOILER 
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You may be spending twice as much 
for ash removal as you need. Why not 
get full details on the money- and labor- 
saving Beaumont Birch “ Vac -Veyor” 


BEAUMONT BIRCH company 


1506 RACE STREET 


about 1200 psi per minute to failure. Th, 
load was increased by flowing shot ito g 
bucket. 


Method 4—The specimen was held at 
constant stress and constant temperautre 
to failure, the purpose being to obtaiy 
curves of stress against rupture time which 
could be compared with similar curves for 
metal alloys. 


In general, cach combination of stress 
and temperature was maintained for about 
160 hr, or one week. Conditions were then 
changed by an increment of either stress or 
temperature, until failure, for a total of 109 
tests. Strengths in tension up to 18,000 
psi at 1800 F, and 15,000 psi at 1900 F, 
were observed. Above 1900 F, however, 
the strengths drop off rapidly to an aver 
age of about 5000 psi at 2000 to 2200 F 


Resistance to creep also decreases rap 
idly, for the particular porcelains tested, 
when temperatures are raised above the 
range of 1800 to 1900 F. Results show 
that even the comparatively low stress of 
6000 psi has caused more than a tenfold 
increase in the rate of creep at 2050 F com 
pared tothe rate at 1800 F. Maximum 
observed creep rates, for all of the bodies 
tested, may be summarized as ranging 
from about 0.0001 to 0.0002 per cent per 
hour at 1700 F for the range of stresses 
used; from 0.0002 to 0.0008 per cent per 
hour at 1800 F and a stress of 16,000 psi 
and from 0.0030 to 0.0040 per cent per hour 
at 1900 F and 10,000 psi stress. The max 
imum stress at rupture for the four NBS 
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yodies at various temperatures is 
the following table 


STRI rEMPERATURE DATA ON FOUR 


Hi STRENGTH CERAMIC BODIES 
ren Maximum Stress, Psi 
erat NBS Ceramic Bodies 
I No. 358 No. 353 No. 151 No. 4811¢ 
rent 13,000 13,000 12,000 14,000 
TOO +,000 13,000 13,000 14,000 
Sou 17,000 18,000 18.000 18,000 
ran §& OOO +000 15,000 16,000 
iT 6,000 


Joint Fuels Conference 


The Annual Joint Fuels Conference of 
the A.I.M.E. Coal Division and the 
4 S.M_E. Fuels Division will be held this 
year at French Lick, Ind., October 26 and 
97. There will be technical sessions 
covering the dewatering and drying of 
coal, the influence of fuels on the design 
ef steam generators and fuel-burning 
equipment, froth flotation and laboratory 
control in coal preparation plants. The 
program is as follows 


Wednesday, 9:30 a.m 

Welcoming address by E. R. Price 
Moisture Control with Flash Dryers,”’ 
by F. P. Calhoun of Rochester & Pitts 
burgh Coal Co 

Operating Data for a Verti-Vane Ther 
mal Coal Dryer,’’ by O. R. Lyons of 
Battelle Memorial Institute 

Coal Drying in Relation to Coal Prepa 
ration,’ by J. S. Erisman of Link 
Belt Co 


Wed ne day, 12:15 Voon 


Luncheon followed by talk on “Atomic 
Power and Fuel Supply,” by W. F 
Davidson of Consolidated Edison Co. of 
New York 

Wednesday Afternoon, 2:00 p.m 
Steam Generator Design Development as 
Influenced by Available Fuels and Fuel 
Quality,”’ by John Van Brunt, Combus 
tion Engineering-Superheater, Inc 
Fuel Burning Equipment Development 
for Available Gas, Oil and Solid Fuels”’, 
by R. K. Allen, Babcock & Wilcox Co 


Wednesday Evening, 7 p.m 


Banquet with M. M. Leighton as toast 
master and Philip Willkie the speaker 
Che Perey Nicholls Award for 1949 will 
be presented to Larry A. Shipman at this 


Linnie 


Thursday, 9:00 a.m. 


Some Factors Influencing the Froth 
Flotation of Coarse Coal Particles,” 
by R. E. Zimmerman and S. C. Sun, 
th of Pennsylvania State College 
Laboratory Control in Coal Washing 
| Drying Plants,”’ by J. J. Merle and 
Kk. C, Mullins, of Ayrshire Collieries 
\ rp 
“a Use of Ignition Baffles With Single 
Retort Stokers,”’ by T. C. Spicer, R. J 
Grace and C. C. Wright, all of Penn 
vania State College. 
o, on Thursday morning there will 
be inspection trip to the Maid Marion 
Str) mine, some 55 miles distant 


e Indiana Coal Preparation and 
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This New Distance Reading 
Jerguson Liquid Level Gage 
Handles Pressures to 
2500 Ibs.! 


JERGUSON 


TRUSCALE GAGE 





Visible and 
Audible Alarms 
at Auxiliary 
Points 





ERE is a sensational new gage 
that gives you important new features f 
level in boilers, deaerating tanks, etc. It is a 
anti-surge mechanisms for use on boats. 


Sensitive And Accurate: The con- 
struction of the Truscale gives it excep- 
tional sensitivity to water level changes. It 
is capable of registering change in the head 
of water with accuracy of 4 of 1% of 
scale reading. New Alarm System: 1! he 
gage may be equipped with a positive alarm 
system whereby lights flash simultaneously 
with the sound of signal horns at key points 
in your plant if level falls dangerously low 
or rises too high. 


Adjustable for 0 to 2500 Ibs. W.S.P. 
Dial scale is illuminated. Low, Normal, 
and High markings as well as the pointer 
are phosphorescent so that they may be read 
in the dark in case of power interruption. 
It will pay you to investigate this top efh- 
ciency gage with the extra features. 


Write for Truscale 
Data Unit. 








100 Fellsway ° 


Representatives in Major Cities ... Phone Listed Under JERGUSON 















the Jerguson Truscale 
or distance reading of liquid 
Iso equipped with foolproof 





You Will Benefit 
From These Special 
Truscale Features 


Horn and Light Alarms 
May be Installed at Many 
Auxiliary Points 
Featherlight Pointer 
System 


Illuminated Dial of 
Translucent Plastic 


New Positive Magnetic 
Principle 


Available for Panel, Ped- 
estal or Wall Mounting 











Gages and Valves 
for the Observation of 
Liquids and Levels 








GAGE & VALVE 
COMPANY 


Somerville 45, Mass. 














Utilization Society will join in this meet- 
ing in lieu of its usual annual coal confer- 
ence. 

All sessions will be held at the French 
Lick Springs Hotel. 


Annual Meeting 
of Welding Society 


The American Welding Society will 
hold its Thirtieth Annual Meeting at the 
Hotel Cleveland, Cleveland, O., during the 
week of October 17. As usual, the meeting 
will be held at the time of the National 
Metals Exposition at the Cleveland Public 
Auditorium. 

A total of 77 technical papers and 21 
sessions on a variety of topics are sched- 
uled in the tentative program. Among 
these will be a session on Monday morning 
dealing with pressure vessels, at which the 
following four papers will be presented: 
“Importance of Design in the Construc- 
tion of Tanks and Pressure Vessels,’ by 
Walter Samans; ‘‘Trends in Fabrication 
by Welding,” by S. V. Williams; ‘Inert- 
Gas-Shielded-Arec Welding of Aluminum 
Pressure Vessels,” by A. J. Hopper; and 
“Notch Sensitivity of Mild-Steel Plates,” 
by A. B. Bagsar. 

Special features will be the awarding of 
medals and prizes, and the Adams Lecture 
on Monday evening by W. M. Wilson on 
“The Advantages and Disadvantages of 
Electric Welding as a Means of Fabricat- 
ing Steel Structures.’”’ The president’s 
reception is scheduled for Tuesday even- 
ing, and a series of educational lectures 
will be given on Monday, Tuesday and 
Wednesday afternoons. 


Air Pollution Symposium 


Scientific activity in the field of air pollu- 
tion has grown to such magnitude that a 
National Symposium on Air Pollution, 
presented by Stanford Research Institute 
in cooperation with the California Institute 
of Technology, the University of California 
and the University of Southern California, 
will be held on November 10 and 11 at the 
Huntington Hotel in Pasadena. 

The meeting will bring together scien- 
tists, engineers and other technical person- 
nel from coast to coast in the field of air 
pollution. Present plans indicate the two- 
day symposium will cover some or all of 
the following subjects: 

1. Biological effects on plants and 

animals; medical effects. 

The effect on visibility. 
Meteorological aspects. 
Methods of sampling and analysis. 
Reduction or elimination of air 
pollution at its source. 
6. Influence on industrial planning and 
plant location. 


Or Co bo 


Behind the Scenes with Oil 


According to a recent Appalachian Coals 
Bulletin, the story behind the over-supply 
of oil on the Eastern Seaboard, with re- 
sulting low prices, was that last fall Stand- 
ard Oil Company of New Jersey made a 
large commitment for Arabian-Persian 


Gulf oil, as promulgated by the U.S. State 
Department; and in order to cushion the 
impact on the market of huge quantities of 
this oil, imports of Venezuelan oil were 
shut off. Subsequently, the State Depart- 
ment stepped in again and caused the ban 
on Venezuelan oil to be lifted, and this 
aggravated the over-supply. When the 
commitment for Arabian oil expired 
around August first, Seaboard oil prices 
were advanced 10 cents a barrel for bunker 
C and slightly more for crude. 
Commenting on this situation, the Bulle- 
lin observed that the devastating effect of 
governmental interference in the domestic 
economy did not stop at the Eastern Sea- 
board, but penetrated to the Middle West 
where utility and industrial plants by the 
score changed from coal to cheap oil in the 
mistaken belief that it was here to stay. 


Celsius Vs. Centigrade 


The Ninth General Conference on 
Weights and Measures, held last October, 
adopted the name ‘‘Celsius’”’ for the scale 
of temperature which has more commonly 
been called ‘‘Centigrade.’’ This action, 
which had not been proposed in advance of 
the Conference, arose from a question re- 
garding preferred usage in French, the sole 
official language of the Conference. The 
decision therefore may be considered as 
applying strictly only to that language. 
In the interest of eventual uniformity of 
practice the use of ‘‘Celsius’’ appears de- 





sirable, but it is not practicable to iinpose 
this term on those who prefer “Cent. 
grade.”’ 


In preparation for the general Confer. 
ence the National Bureau of Starncards 
submitted a revised text defining the [nter. 
national Temperature Scale to supersede 
that adopted in 1927. The proposed text 
was drafted in English and, in accordance 
with common English practice as well as 
the official French text adopted in 1927, jt 
used the name ‘‘Centigrade.”’ This name 
was carried over into the French transla- 
tion prepared for consideration by the 
Advisory Committee on Thermometry jn 
May 1948. However, in the printed re. 
port of that meeting, the term ‘‘Centi- 
grade”’ had, in most cases, been changed to 
“‘Centésimale,” the term that is used in the 
French law governing Weights and Meas. 
ures. When asked to choose between the 
two the International Committee on 
Weights and Measures and the General 
Conference voted to substitute “Celsius,” 

With regard to the merits of the deci- 
sion it may be remarked that Celsius (ab- 
breviated C) is analogous to the names Kel 
vin, Fahrenheit, Réaumur and Rankine 
used for other temperature scales, that it 
has previously been used considerably in 
some countries, and occasionally in Amer- 
ica, being included in Webster’s diction- 
ary. li might also be argued that “‘Centi- 
grade’”’ is logically ambiguous, since the ab- 
solute Kelvin scale, as well as the ‘‘Centi- 
grade”’ scale, has 100 deg between the ice 
point and the boiling point of water. 





Simplify your coal handling with a 









(Above) Sauerman Scraper with 
monorail shifting arrangement 
stores 8800 tons of coal in small 
space; reclaims 75 tons an hour, 
(At Right) Sauerman Scraper with 
low head tower handles stockpile 
2,000 ft. long at transfer point 
on mine railway. 


SAUERMAN 
POWER SCRAPER 


Saverman Power Drag Scrapers make coal handling a fast, safe, econom- 


ical operation. 


Coal can be stored and reclaimed for only a few cents 
per ton utilizing the labor of only one man. 


Saverman equipment saves 


space—effectively using every bit of available ground area regardless of 


size or shape. 


Coal is piled safely to any height in compact layers— 


never any segregation or dangerous air pockets to encourage spontaneous 


combustion. 


WRITE TODAY FOR LARGE CATALOG SHOWING MANY TYPICAL 
INSTALLATIONS BOTH BIG AND SMALL. SEND NOW. 


SAUERMAN BROS., INC. 


550 S. Clinton St. 


Chicago 7, Illinois 


—_~ 
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The Coal Outlook 


Definite and detailed conclusions con 
cerning the effect of the three-day work 
week in the coal industry can now be 
made, according to the August 25 issue of 
the ACI Bulletin of Appalachian Coals, 
Inc. There is little room for optimism 
should the shortened hours be continued, 
and time is getting short if a serious coal 
shortage is to be averted by American 
industrial and domestic coal consumers 

Under present conditions the minimum 
national stockpile to assure safe operation 
is 45,000,000 tons. The maximum produc 
tion rate thus far achieved under the 
three-day week is 8,000,000 tons, and if it 
be assumed that this production be con 
tinued for the remainder of the year, 
estimated coal stocks by the end of 
September will be under 42,000,000 tons 
and will continue to decrease to about 
6,000,000 tons by January 1 If there is 
1 substantial upturn in industrial ac 
tivity, sizeable tonnages not included in 
the estimate will be required 

Unless something is done by early 
October to end the stranglehold of the 
United Mine Workers on coal production, 
industrial shutdowns may be expected as 
well as communities without heat, in the 
opinion of A.C.I. A peacetime fuel short 
we attributable to monopolistic labor 
practices may then exist 

Another effect of the three-day week is 
to make more difficult the procurement of 
better-grade coals from mines which 
would ordinarily be working five or six 
days per week. Likewise, trans-lake coal! 
shipments have lagged, current estimates 
being that 43 per cent of lake coal re 
mains to be shipped with only 38 per cent 
of the shipping season remaining 


Quality Coals in Short Supply 


It should be understood that the 
rapidly developing coal shortage cannot 
be remedied by half-hearted or casual 
methods. Quality coals will be in short 
supply this winter despite any action that 
may be taken, and the condition will be 
further intensified by continuation of the 
three-day week 

Consumers of coal will do well to take 
ill available supplies and make arrange 
ments for additional storage Chey can 
also be of assistance in calling public 
ittention to a situation which makes it 
possible for labor monoplies to have such 
in adverse effect upon production 


Business Notes 


Dearborn Chemical Co., Chicago, has 
added R. F. Hutchinson to its sales staff. 
His territory will include western Iowa, 
Nebraska and South Dakota. 

Beaumont Birch Co., Philadelphia, has 
appointed R. K. Hampton resident man- 
ager of its new office at 50 Church St., New 


Yor 


ica] 


ward Valves, Inc., has made Herbert 
J. Rowe sales engineer for the Great Lakes 
regi His headquarters will be at the 
hom: office in East Chicago, Ind 

L. J. Wing Mfg. Co., New York, has 
appointed Albert D. Becker as its repre- 
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sentative for the eastern section of New 
York State, Vermont and _ Berkshire 
County in Massachusetts. His head 
quarters will be in Albany. It has also 
made Fred McMeans its representative for 
the Province of British Columbia with 
headquarters in Vancouver 

Graver Tank & Mfg. Co., East Chicago, 
Ind., announces the appointment of Engel 
E. Devendorf as export manager. He will 
ilso serve in that capacity for the Phoenix 
Mfg. Co. 

Dowell Inc., Tulsa, Okla., has promoted 
Herbert H. Walter, Jr., its sales engineer 
in Richmond, Va., to the position of de 
velopment engineer 

The Engineering Dept. of Commercial 
Testing and Engineering Co., Chicago, 
which for many years has specialized in 
power plant consulting work and power 
plant efficiency, has been reorganized as a 
separate subsidiary under the firm name 
of Carroll, Bechtel and Langtry. 

Myers & Addington, New York con- 
sulting engineering firm, has been retained 
by Jones & Laughlin Steel Corp., to make 
a complete survey, with recommendations, 
for the modernization of steam and power 
it its Aliquippa mills. 


Conversion of Degrees in 
Water Treatment 


I was much mterested in the artick 
dealing with European experience with 
feedwater treatment in your August issue, 
but note some confusion of terms in the 
conversion of German degrees of hardness 
to English degrees. This is quite a com- 
mon occurrence and the situation is not 
helped at all by the wide variety of terms 
used in reporting water analyses 

The footnote on page 49, apparently 

referring to the definition of Clark degree 
rather than the 0.025 deg referred to in 
the text at this point) reads ‘nineteen 
grains CaCO, per Imperial gallon equiva- 
lent to approximately 14.3 ppm.”’ Actu 
illy, the Clark or English degree (deg eH 
means hardness in English degrees) is 
equivalent to one grain of CaCO; per Im 
perial gallon, or 14.3 ppm 

To put the entire picture on a basis 
which American readers can understand 
more readily 

1 German degree 1.044 grains CaCO 

per U.S. gallon 
1 English or Clark degree = 0.833 
grain CaCO, per U.S. gallon 
French degree 0.583 grain CaCO, 
per U.S. gallon 
grain CaCO, per | 
ppm 


S. gallon = 17.1 


Thus the figures ‘0.02 deg dH” and 
“0.025 deg eH’”’ appearing in the article 
are both equal to 0.0208 grain CaCO, per 
U.S. gallon, or 0.36 ppm. 
Another point of interest may be the 
derivation of the German, English and 
French degrees of hardness. These are 
not merely arbitrary values as may be 
seen from the following 
1 German degree = 1 part CaO per 
100,000 parts water 

1 English degree = 1 grain CaCO, per 
Imperial gallon 

1 French degree = 1 part CaCO, per 
100,000 parts water 


I trust that the above will assist in clari- 
fying this question of converting from one 
set of water analysis units to another. 

S. SussMAN, Chief Chemist 
Water Service Laboratories, Inc 


Obituaries 





John L. Daly, a member of the Sales 
Department of Combustion Engineering 
Superheater, Inc., died at his home in New 
Brunswick, N. J., on August 16, at the 
ige of 70 








A graduate of New Brunswick Business 
College, he began his business career with 
the Heine Boiler Company in 1899. When 
that organization was acquired by Com- 
bustion Engineering in 1927, he continued 
in sales work with the latter company 

Mr. Daly had one of the longest service 
records in his organization. In May of 
this year he was honored by nearly three 
hundred of his associates at a banquet in 
the Hotel Commodore, at which time he 
was presented with a diamond-studded 
service pin in recognition of fifty vears’ 
service 


William H. Lawrence, retired chief op- 
erating engineer of the Consolidated Edi 
son Company of New York, died in New 
York on August 8 at the age of 79. A 
native of Ohio, he joined the old Edison 
Electric Illuminating Company, predeces 
sor of the present company, in 1889 and 
idvanced through various positions, in 
cluding assistant superintendent and later 
superintendent of the operating depart 
ment, to that of chief operating engineer 
in 1926. At one time he was superintend 
ent of Waterside Station He was a 
member of the A.S.M.E., the A.I.E.E. and 
the Edison Pioneers, and had been long 
recognized as an authority on electric 


power generation. He retired in 1937 


Thomas G. Estep, who retired last spring 
as professor of mechanical engineering at 
Carnegie Institute of Technology after 36 
years of service, died at his home in Alex 
andria, Pa., on August 7, at the age of 66. 
He was the author of a number of papers 
on research and a member of several engi- 
neering societies, including the American 
Society of Mechanical Engineers of which 
he had recently been made a Fellow 
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some Btu’s are always 


on vacation 


Yes, some Btu’s are always on vacation. Your problem is to 





prevent too many from getting the habit. Loafing Btu’s 
produce no power. You have to make them work. Then you 
get low power costs. And that is what you get when you 


install the Bailey co-ordinated boiler control system. 


The Bailey system reduces fuel consumption per pound 
of steam generated. Combustion, feed water, steam tem- 
perature, heater levels, pump speeds and other factors 
are co-ordinated. Safety of operation is increased—con- 
tinuity of service is improved. You convert the maximum 
number of Btu’s into power and get all the efficiency your 


boiler was designed to deliver. 


One thing to remember. The Bailey system is not de- 
livered as a standard package. Each one is designed and 


engineered to the specific job on which it is to be used. 





That’s why it functions so efficiently. 


Btu’s receive no vacations from this co-ordinated Bailey boiler 
control system on a 135,000 Ib. per hr. capacity gas and oil-fired 
boiler. Controls for combustion, feed water, steam temperature 


If you are looking for low cost power, it will pay you to 








and flue gas temperature are included on this panel. call our nearest office. , 
A-106 
BAILEY METER COMPANY Controls for Steam Plante 
1025 IVANHOE ROAD « CLEVELAND 10, OHIO COMBUSTION e FEED WATER e TEMPERATURE 
Bailey Meter Company Limited, Montreal, Canada PRESSURE e LIQUID LEVEL e FEED PUMPS 


Branches in: Boston, New York, Schenectady, Philadelphia, Buffalo, Pittsburgh, Charlotte, Cleveland, Detroit, Cincinnati, Atlanta, Chicago, Milwaukee, 
St. Louis, New Orleans, St. Paul, Kansas City, Houston, Denver, Los Angeles, Seattle, San Francisco 
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REVIEW OF NEW BOOKS 


Any of the books here reviewed may be secured through 
Combustion Publishing Company, Inc., 200 Madison Ave., N. Y. 





De Laval Handbook 
Edited by A. H. Church and H. Gart- 


mann 


Mechanical engineers will find in the 
De Laval Handbook much useful data 
concerning pumps, turbines, compressors 
ind gears. There are seven sections, of 
which the general section is the largest, 
making up nearly 40 per cent of the hand- 
book. Although the book was inadver- 
tently dated 1947, it is actually a recently 
revised edition. 

The general section includes basic infor 
mation on mathematics, mechanics and 
fluids. In the turbine section, steam 
cycles, turbine design and performance, 
turbine types, governors, steam and ex- 
haust piping and regenerative feedwater 
heating are discussed. The pump section 
comprises fundamentals of hydraulics, 
pump performance, series and parallel 
pump operation, specific speed, impeller 
types, suction head, priming, pump con- 
struction materials and pump installation 
id operation. 

There is a section on Imo pumps which 
explains positive-displacement pump in- 
stallation and operation and discusses the 
effect of entrained gas on rotary pump 
operation. The centrifugal compressor 
section includes data on compression of 
gases, properties of gas mixtures, pipe 
friction for gas flow and compressor per- 
formance. The last two sections are 
devoted to reduction gears and worm 
gears, and deal with tooth loads and stres- 
ses, bearings, lubrication, mechanical ele 
ments and properties, efficiency, materials 
and design and selection and installation. 

The book contains 265 pages with flexi- 
ble binding and sells for $2. 


Engineering Thermodynamics 
By J. S. Doolittle and A. H. Zerban 


rhis is a new text planned to cover a 
year's work in thermodynamics for engi- 
neering students. By eliminating alter 
nate forms of equations, the authors have 
limited the number included and have 
attempted to show how fundamental 
Principles may be used to analyze and 
solve thermodynamic problems. 

lt would appear that the treatment of 
the concepts of entropy and enthalpy 
lack. completeness and that insufficient 
importance has been ascribed to the first 
an’ second laws of thermodynamics 
Since the real test of a textbook lies in its 
teachability, these shortcomings might 
readily be overcome by competent in- 
Structors, 
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The text includes chapters covering 
topics most commonly found in under- 
graduate thermodynamics courses: Equa- 
tions of State for Perfect Gases, Energy 
Equations for Non-Flow Processes, Steady 
Flow, Carnot Cycle and Available Energy 
and Entropy, Vapors, Steam Power Cycles, 
Steam Engines, Flow in Nozzles, Steam 
Turbines, Gas Compressors, Refrigeration, 
Gaseous Mixtures and Combustion, Im- 
perfect Gases, Air Conditioning, Gas 
Cycles, Internal Combustion Engines and 
Gas Turbines. 

The book is illustrated by numerous 
line cuts which are effectively arranged 
to produce an attractive format, and each 
chapter includes problems (without an- 
swers). There is an appendix containing 
tables of thermodynamic properties of 
Freon and steam. 

There are 420 pages in the volume and 
the price is $5 


Thermodynamique de la 
Turbine a Gaz 


A 


By Paul Chambadal a 


This French study of the gas turbine is 
written from the point of view of thermo- 
dynamics with the dual objects of ex- 
plaining the flow processes in the turbine 
and compressor and of showing the rela- 
tionships of the thermal characteristics of 
the cycle to the efficiency of the gas tur- 
bine. It is intended not only for the spe- 
cialist in turbine construction, but also for 
those who have a general interest in 
theoretical developments affecting power 
plant equipment. Methods of calcula- 
tion are included to show how particular 
thermal cycles may be selected for the 
most advantageous production of mechani- 
cal and thermal energy. 

Some of the chapters included are The 
Efficiency of the Multi-Stage Turbine, 
Air Compression, The Cycle Without 
Intermediate Reheating or Heat Recovery, 
The Cycle With Intermediate Reheating 
and Heat Recovery, The Low-Pressure 
Cycle, Combustion Without Excess Air, 
Gas-Turbine Circuits, Combinations of 
Gas-Turbine Cycles With Other Thermal 
Cycles, and The Use of the Gas Turbine 
for the Simultaneous Production of Work 
and Heat or Refrigeration. 

Numerous curves showing hypothetical 
relationships are included among the ex- 
tensive mathematical analyses that make 
up the greater portion of the work. 

There are 315 pages and a large ap- 
pended enthalpy-entropy diagram ex- 
pressed in metric units. The price of this 
paper-bound edition written in French 


is $7. 


dames Watt and the History of 
Steam Power 


By Ivor B. Hart 


This modern biography of an“ early 
engineer is written with literary finesse 
Not only are Boulton and Watt considered, 
but also several of their contemporaries. 
It is noteworthy that Dr. Joseph Black, 
who befriended Watt, was the first who 
noticed and named that property in 
steam which is now known as its “‘latent 
heat.” 

Black and the physicist Dr. John Robi- 
son engaged in researches in that branch of 
physics we call ‘“‘heat’’ and lacking instru- 
ments to permit measurement, their mere 
conjectures and speculations were used to 
explain it. To quote: 

“When a body was undergoing the 
process of burning, another imponderable 
known as ‘phlogiston’ was supposedly 
being extracted. Similarly, associated 
with the sensation of heat was the im- 
ponderable known as ‘caloric.’ According 
to this theory, caloric was held to be con- 
tained within the pores of all substances. 
As this provided a satisfactory explanation 
of all observed facts with regard to heat, 
the doctrine of caloric took a firm hold.”’ 

In all the period of Black’s researches, 
and Watt’s application of them to his 
work on the steam engine this theory pre- 
vailed. 

Watt’s early work as an instrument 
maker was in his shop where he sold all 
sorts of mathematical and musical instru- 
ments with a variety of toys and other 
goods. 

Chapter VIII, ‘““Watt Invents the Steam 
Engine,”’ is a misleading title, but he 
devised so many other improvements 
from which modern engine performances 
stem that one will agree with Hart who 
states “the engine of James Watt was 
virtually the means of placing power on 
tap.”” Some writers on Watt mention his 
unscrupulous behavior to such as sought 
to improve upon his devices, but here such 
unpleasant traits are barely considered 

This fascinating book outlines scientific 
and engineering thought from ancient 
Babylon; through feudal society in 
England; the Renaissance in Europe; 
and the Industrial Revolution in England, 
which also revolutionized our whole 
economic system 

Here, in compact form and very well 
written, is a 250-page summary of one 
branch of the engineering profession’s 
beginning. There are some illustrations 
taken from early works on philosophical 
matters and the whole is neatly bound in 
cloth and priced at $4. 


Business, Legal, and Ethical 
Phases of Engineering 


By D. T. Canfield and J. H. Bowman 


Engineers have frequent occasion in 
practice to use principles of law and busi- 
ness, but as students they are apt to be 
far more interested in technical subject 
matter than in so-called ‘‘humanistic”’ 
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ODERN boiler design assures good planning — 
quality fabrication and erection, good con- 
struction. 


But it’s surface maintenance that determines whether 
boiler tubes will carry the heavy traffic of high pres- 
sures, temperatures and ratings at through-way — or 
just back-road — efficiency. 


That maintenance starts, for the new boiler, before it 
goes into service. Over a base of clean, bare metal, 
APEXIOR NUMBER 1 lays a surface that takes the 
wear and takes it better than does any boiler steel. 


Insoluble in all boiler waters, APEXIOR frees metal 
from threat of corrosive attack from causes known 
and unknown — smooths it so that deposits adhere 
less readily and can be removed more easily, at less 
cost. 


That’s why every tube of the APEXIORized boiler is 
a high-speed highway that steps up circulation and 
evaporation — keeps heat-transfer efficiency high and 
heat distribution uniform — assures maximum avail- 
ability. 






This new bulletin gives all the facts about 
APEXIOR Protective Surfacing for tubes 
and drums, in boilers new or old. A copy 
is yours for the asking. 








» 








courses. In schools where curricular 
limitations permit but one course to re 
place studies formerly known as ‘con 
tracts’ and “engineering econory,’ 
this new text by Professors Canfield and 
Bowman should prove of considerable 
value. Actually the book is a combination 
and revision of ‘‘Legal and Ethical Phases 
of Engineering’ and ‘‘Business Administra. 
tion for Engineers’’ by the late C. F 
Harding and Professor Canfield. 

The book is divided into four sections 
business economy, cost determination, 
business law, and engineering procedures 
Included under business economy is a 
brief consideration of money and interest, 
annuities and sinking funds, amortization, 
depreciation and economic selection. The 
second section considers elementary prin 
ciples of accounting, distribution factors, 
allocation of fixed charges and public 
utility rates. Under business law the 
authors present common legal instruments 
which the engineer is likely to encounter, 
some of which are commercial contracts, 
negotiable papers and sales agreements 
Finally, as a part of engineering proce- 
dures, there are discussed engineering bids 
and specifications; patents, copyrights 
and trademarks; insurance and employ 
ment compensations; and engineering 
ethics and licensing laws. 

In the appendix are reprinted two not- 
able papers on professional conduct, ‘‘The 
Unwritten Laws of Engineering,” by W. J 
King, and ‘‘The Second Mile,”’ by the late 
W. E. Wickenden. 

Both students and practicing engineers 
will find much of benefit in a book which 
assembles related material not previously 
obtainable in one source. It contains 358 
pages and sells for $4.50 


Manual of Instructions on 
/ Proper Firing Methods 


The Smoke Prevention Association of 
America has published the ‘Manual of 
Instructions on Proper Firing Methods in 
the Interest of Fuel Combustion and Con- 
servation, Air Pollution and Smoke Abate- 
ment’’ for the benefit of both the coal 
dealer and the coal consumer. Data in- 
cluded are applicable to the operation of 
stokers for industrial and home use. 

The Manual is made up of a series of 
twelve technical papers by engineers in 
the combustion field. The contents in- 
clude ‘Teaching People to Burn Fuel 
Smokelessly and Economically,” ‘The 
Ringlemann Chart,” “Air Pollution Con- 
trol as a Public Service,” “Instruments 
and Combustion Control for Small Steam 
Plants,’’ ‘Technical Factors Affecting 
Steam Plant Performance,” ‘‘Achieve- 
ments in Smoke Prevention,’ “Some As- 
pects of Incineration,’’ ‘How to Reduce 
Smoke From Hand-fired Furnaces,” “Fuel 
Conservation,” ‘Charts for Determining 
Furnace Dimensions for Underfeed Stoker 
Installations,’ ‘‘Directions for Hand- 
firing Coke’’ and “Instructions for Burn- 
ing Low-Volatile Coal in Low-Pressure 
Heating Boilers.”’ 

There are 74 pages and the book may 
be obtained for fifty cents directly from the 
Smoke Prevention Association of America 
139 N. Clark St., Chicago 2, II. 
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NEW EQUIPMENT 





Forced-Draft Blower 


L. J. Wing Mfg. Co., New York, has 
made available a new forced-draft blower 
which incorporates a combined electric 
motor and steam-turbine drive. The basic 
unit is the Wing Type R turbine blower 
with a totally enclosed, dust-proof motor 


ecectaic 
morTor 


wing For 
fAN 


vo.rRrot 
VANES 
(DAmPER) 


connected to an extension of the turbine 
shaft. Speed control is obtained by 
throttling with the turbine and by Wing 
Voltrol Vanes to regulate the capacity of 
the motor drive. The unit may be ar 
ranged for automatic operation with a 
combustion control system and is shipped 
completely assembled and aligned, ready 
to bolt on foundation 


Continuous Blowdown 


rhe Henszey Co. of Watertown, Wis., 
umnounces the availability of a packet 
type continuous blowdown designed for 
small steam plants of less than 500 boilet 
horsepower The 


device is automati 


and is said to insure correct blowdown 
independent of boiler load variation 
Heat from the blowdown water is returned 
to the boiler by means of a heat exchanger 
The unit is shipped self-contained and 
ready for operation upon installation 
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Centrifugal Pump 


Cradle-mounted ‘‘Compacunits” have 
been announced as an addition to the line 
of the Warren Steam Pump Co., Warren, 
Mass. Unlike “Compac 


units,”’ these centrifugal pumps may hav« 


close-coupled 


\-belt, turbine or motor drive rhey 
ire built in 1-, 1'/,-, 2- and 3-in. sizes with 
capacities from 5 to 450 gpm and heads 
from 15 to 250 ft. Pump materials may 
be standard, all-iron, all-bronze or special 


materials to meet unusual requirements 


Plug Valve 


Automatic compensation for 
stated to be a characteristic of a new lubri- 
cated plug valve manufactured by the 
Homestead Manufacturing Co., Coraopo- 
lis, Penna rhe cylindrical plug of the 
valve has a wedge action which not only 
idjusts itself for wear, but also keeps the 
sealing surfaces of the plug and body in 


wear IS 





all times to provide 
Other fea 
tures of the valve are port areas equal to 


intimate contact at 
i tight seal against leakage 


standard pipe areas, lubricant seal around 
the ports, and positive stops to limit opera 
tion to a quarter turn 


Gage Illuminator 


Jerguson Gage & Valve Co Soston, 
Mass., have ready for distribution a new 
solid-wedge type of gage illuminator-which 
is said to provide evenly diffused light over 
the entire length of the gage glass. The 
illuminators are made in both explosion 
proof and standard models for all sizes of 


transparent gages, and they are also avail 
ible in single and double section styles 
Lighting is by a standard small bulb, only 
one being necessary to illuminate two 
gage sections with the double section illu 
Aluminum brackets are pro 
vided to mount the illuminators 


minator 


Suspended Walls 


A universal suspended wall that may be 
used with or without a steel casing has 
been developed by the Geo. P. Reintjes 
Co. of Kansas City, Mo. The wall can be 


insulated to reduce face temperatures to 
20 deg F above ambient and is designed for 
enclosing both the furnace areas and the 
convection section of the boiler. Down 
comer and feeder tubes may be concealed 
within the wall if desired 
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LOW MAINTENANCE COSTS ARE ASSURED 


with S-E-CO. COAL SCALES 


Large assembly door and feeder access 
door make it possible to remove the feeder 
and weigh hopper quickly as units. If the 
feeder support rails are also removed, the 
inside of the coal scale body is entirely free 
of operating parts. The inside of the scale 


is then clear for cleaning and painting. If 


this work is done occasionally, the scale 


body should last indefinitely. 

The sub-assembly idea is 
exclusive with S-E-Co. Coal 
Scales. This is another reason 
why these units will give the 


best coal scale operation. 


Send your inquiry to 


STOCK ENGINEERING COMPANY 
715€ Hanna Building »* Cleveland 15, Ohio 





Check Valve 


Smaller, more economical check-valye 
installations are said to be made possible 
by using a newly designed cast-steel valye 
body developed by Edward Valves, Ine, 
East Chicago, Ind. The new body de. 
sign not only reduces pressure loss by as 
much as 40 per cent, but also saves space 
and reduces weight. Smaller body size 
is the result of use of an integral Stellite 
seat and Edward equalizer which allow 
the disk-piston to rise completely out of 
the path of flow. The valves are built 
in 900-, 1500- and 2500-Ib classes with 
both globe and angle patterns. 


Horizontal Turbine 


A new horizontal turbine has been 
developed by the Whiton Machine Co., 
New London, Conn. It has a rating of 
500 bhp at 1750 rpm with initial steam 
conditions ranging from 850 to 900 psig 
at 850 F and exhaust conditions from 2 
psig back pressure to 12-in. vacuum. The 


turbine rotor is a 48-in. diameter solid 
wheel, the blades being milled around the 
periphery. An _ oil-relay-actuated, con- 
stant-speed governor, a poppet-type emer- 
gency governor, a gear-driven oil pump, 
an external oil cooler and an automatic 
back-pressure trip, as well as standard 
accessories, are included with the turbine. 


A Correction 


The description of Sewaren Generating 
Station in the July issue contained the 
statement that this was the first completely 
new generating station to be built in the 
New York Metropolitan area in ovef 
twenty years. This was in error by failing 
to take into consideration the Arthur 
Kill Station of the Staten Island Edison 
Company which went into operation mn 
January 1948 and which is also located m 
the Metropolitan area. 
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